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Quercus alba (white oak): cross section through one entire growth ring and 
portions of two others. Note large pores in early wood filled with tyloses and 
abruptly diminishing in size toward late wood. Small pores thin-walled and in 
fan-like groups. Note "dipping in" of the outline of the growth ring where it 
crosses the large ray at the left. X 35. 
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INTRODUCTION 



As the available supply of the standard kinds of timber has 
decreased, woods have appeared on the market which formerly 
were considered worthless. In some instances the new woods are 
sold mider their own names, but usually they are employed as 
substitutes for more expensive kinds, or sold in indiscriminate 
mixture. It thus becomes a matter of great importance that 
foresters, timber-inspectors, and wood-users be able to distinguish 
the woods with which they deal. The number of such woods is so 
large, and their resemblance often so close, that one can no longer 
depend upon distinguishing them through mere familiarity with 
their general appearance. To identify woods it is necessary to 
have a knowledge of the fundamental differences in their structure 
upon which the points of distinction are based. 

The literature bearing directly upon this subject is very 
limited, and such information as exists is for the most part dis- 
tributed throughout a considerable number of publications and not 
readily available. Teachers and students of wood technology are 
seriously handicapped by the lack of suitable text-books or 
manuals. It is in an attempt to supply in small part this defi- 
ciency that the writer has prepared for publication a portion of the 
material given in one of his courses in Forest Products at the 
Yale Forest School. While it is designed primarily as a manual 
for forestry students, it is hoped that it will also aid others in the 
study and identification of wood. 

Part I deals briefly with the more important structural and 
physical properties of wood. The structural properties are based 
upon the character and arrangement of the wood elements. 
Under this head are considered: (a) the external form of the tree 
in its various parts; (6) the anatomy of the wood; (c) abnormal 
developments or formations; (d) relation of these properties to 
the usefulness of wood; and (e) their importance in classification. 
The physical properties are based upon the molecular composition 
of the wood elements. Under this head attention is given to 
(a) the properties manifest to unaided senses, viz., color, gloss, 

1 
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2 INTRODUCTION 

odor, taste, and resonance; (6) those determined by measurement, 
viz., density, weight, water content, shrinkage, swelling, warping, 
and hygroscopicity; (c) relation of these properties to the use- 
fulness of wood; and (d) their employment to some extent as aids 
to identification. 

In Part II attempt is made to use the details of Part I in the 
construction of an artificial classification of the economic woods 
of the United States. Unimportant species have in some cases 
been included where it was felt that their presence would not lead 
to confusion. This classification has been prepared with two 
objects in view: (1) for use in practice as a key for the identifica- 
tion of unknown specimens; (2) for use in the laboratory as a basis 
for the comparative study of known specimens. 

As far as considered practicable, the distinctions in the key 
are based on macroscopic features, those readily visible to the 
unaided eye or with the aid of a simple lens magnifying 10 to 15 
diameters. Owing to the great variation of wood it is usually 
unwise to rely upon single diagnostic features, and for this reason 
the descriptions have been extended to embrace all or most of the 
important characters so far recognized. This method also permits 
ready rearrangement of the key or the fitting into it of additional 
woods. 

In the woods of many genera the structural variations appar- 
ently are not sufficiently distinct and constant to assure specific 
identification. Good examples of this are afforded by the woods 
of Pinus, Qitercus, Hicoria, and Populus, where it is usually 
difficult and very often impossible to do more than separate them 
into groups. Accurate knowledge of the botanical and com- 
mercial range of each species will often serve as a basis for further 
subdivision of a group in which other distinctions are apparently 
wanting. 

In preparing a specimen for careful examination either with 
or without a lens it is highly desirable that a very smoothly cut 
surface be obtained. If the knife used is not sharp, the cut surface 
will be rough and the details of structure obscured. Cross sections 
are, as a rule, the most valuable for comparative study, and in 
making them it is very important that the plane of section be 
as nearly as possible at right angles to the vertical axis of 
the specimen. 

A compound microscope is necessary for the study of the 
minute anatomy of wood. Sections for immediate observation 
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INTRODUCTION 6 

may be cut free-hand with a sharp pocket-knife or razor and 
mounted in water. To avoid air bubbles in the sections small 
pieces of the specimens should be boiled prior to sectioning. 
It is not important that such sections be of uniform thickness, 
since a thin edge will usually exhibit the essential details. 

Much better results can be obtained by the use of a microtome. 
Penhallow recommends a table microtome and a plane blade 
mounted in a heavy wooden handle of such a form as to provide a 
perfectly firm grip. For fine work, however, a sliding microtome 
specially constructed for sectioning wood is best. Success depends 
largely upon the sharpness of the knife and the rigidity of the 
apparatus. 

Considerable care should be exercised in the selection of 
material for sectioning. Small blocks of about a quarter-inch cube 
should be cut from green material, or from the interior of dry 
pieces. The faces of the blocks should represent sections which 
are as nearly cross, radial, and tangential as possible. Blocks of 
the lighter woods can be softened sufficiently by boiling them in 
water until thoroughly saturated. The process may be hastened 
by interrupting the boiling by additions of cold water. In the 
case of the harder woods, however, it is a good plan to place 
the small blocks, after boiling, in a solution of hydrofluoric acid 
for a period varying from ten days to three weeks, the strength 
of solution and the duration of immersion depending upon the 
hardness of the wood. After removal from the acid the blocks 
should be thoroughly washed and then placed for several days in 
glycerine, after which they are ready for sectioning. The sections 
may either be moimted unstained in glycerine or stained in the 
usual way and mounted in balsam. For ordinary work unstained 
glycerine-mounts afford the most satisfactory results, since the 
natural colors are preserved. (For more detail, see references 
below.) 
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4 INTRODUCTION 

The best idea of the form and size of the individual cells is 
gained from studying macerated material. This is readily obtained 
by placing small pieces of wood in a test-tube together with a 
number of crystals of potassium chlorate, and adding enough 
nitric acid to cover them well. After the wood has turned white 
the solution should then be poured off and the material washed 
thoroughly in water. This action may be hastened by warming. 
It is then easy to remove a small portion of the mass to a slide 
where it can be dissected with a couple of needles and studied 
under the microscope. 

The writer desires to acknowledge his indebtedness to Prof. 
James W. Toumey for much of the data upon which this work is 
based; to Mr. Clayton D. Mell for many helpful suggestions and 
criticisms; and to Mr. Charles J. Heller for the loan of a set of 
wood sections from which the photo-micrographs were made 
by the writer at the Forest Products Laboratory, Madison, Wis- 
consin. 
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PART I 

STRUCTURAL AND PHYSICAL PROPERTIES 

OF WOOD 

GENERAL 

Wood of a . timber-producing tree may be considered under 
three general heads, viz., root, stem, and branch. The relative 
prop0rtion of the three classes of wood in a tree depends on the 
species, the age, and the environmental conditions of growth. 
The woody portion of stem and branch has, within certain limits, 
the same structure. Branches are of less technical value because 
of their irregular shape and small dimensions. The latter is due 
to the fact that the number and thickness of the layers of growth 
are less and the wood elements smaller than in the bole. 

Wood of roots always differs somewhat from that of the stem 
in form, structure, and distribution of the elements; the growth 
rings are narrower, the elements have wider lumina, and the 
wood is as a rule lighter, softer, and more porous. Roots, with 
occasional exceptions, are a very subordinate source of wood in 
America. 

Stem wood, on account of its more desirable dimensions and 
shape and its greater uniformity, is of the greatest utility and 
value. The form and character of the stem are of greater impor- 
tance than the relative volume; with few exceptions the more 
nearly straight and cylindrical and the freer from limbs, knots, 
and defects, the greater are its technical properties and value. 
These properties are largely determined by the age of the tree 
and the inherent characteristics of the species, though affected 
by environment. Straightness and clearness are materially 
influenced by density of stand. 

A woody stem, branch, or root is composed of three unlike 
parts (Fig. 1) . Through the central portion runs a narrow cylinder 
of soft tissue, the pith. On the outside is bark. Between these 
two and making up the bulk of the structure is the wood or xylem. 
The wood, particularly in old sections, usually shows a central 

5 
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6 ECONOMIC WOODS OF THE UNITED STATES 

colored portion, the heartwood, and a nearly colorless outer border, 
the sapwood. In fresh-cut green sections the sapwood is further 
differentiated by its greater moisture content. 

Indigenous arborescent plants are readily separable into two 



Fig. 1. — Cross section of stem of Quercus prinus (chestnut oak); 6, bark 
showing outer and inner portions; s. w., sapwood: the darker inner portion is 
heartwood; a. r., annual or growth ring; p. r., (pith) ray, a large number of which 
can be seen crossing the growth rings at right angles. Note season checks. Natural 
size. (From Bui. 102, U. S. Forest Service.) 

great natural classes: I, Gymnosperms, and II, Angiosperms. 
Class I is further divided into two unequal groups: Coniferce (13 
genera), and Taxacece (2 genera). Class II embraces (according to 
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ECONOMIC WOODS OF THE UNITED STATES 7 

Sargent's "Manual of the Trees of North America ")> Mono- 
cotyledons (2 families and 8 genera), and Dicotyledons (57 fam- 
ilies and 149 genera). The Monocotyledons are of comparatively 
slight importance as sources of wood, and for that reason, as well 
as on account of their peculiar structure,* are omitted from the 
general discussion of wood and from the key. 

The woods of the Gymnosperms are commonly referred to as 
"coniferous woods,'' "soft woods," and "needle-leaved woods." 
These terms are inexact since (1) the Taxacece do not bear cones; 
(2) many of the so-called "soft woods" (e.g.y Pinus palustris, 
Psevdotsugaf Taxus) are harder than many of the so-called "hard 
I woods" (e.gr., Populits, Salix, JEsculuSj Tilia); and (3) the con- 

trast in the leaves is by no means always as great as the terms 
i "needle" and "broad" would indicate. Common usage, how- 

• ever, has given these names sufficient definiteness for ordinary 

purposes, though they should be avoided where scientific exact- 
ness is desired. 

PITH 

The central portion of the young shoot, branch, and root is 
f composed of loosely aggregated, mostly thin-walled, isodiametric, 

' parenchymatous cells — ^the pith. It is usually of small diameter, 

I does not increase in size after the first year, in fact, may even in 

some instances be compressed, and appears to be of only temporary 
i utility to the tree. In some cases, according to Gris (loc. ait.), 

the cells remain active for several years, and alternately store 
; and give up products of assimilation, especially starch and tannin, 

I according to the periods of vegetation. In such instances the walls 

I of the active cells are thickened and densely pitted. 

The pith in woody stems of Gymnosperms is fairly imiform in 
shape, size, color, and structure; in Dicotyledons there is great 
variation. As to outline in cross section: it is star-shaped in 
QuercuSj triangular in Fagus, Betula, and Alnus; ovoid in Tilia y 
Fraxirms, and Acer; circular in JuglanSj Ulmus, and Cornus, 
In Juglans the color is black; in Gymnocladus it is red; in many 
others it is brown or gray. In RhitSj Sambucus, and Ailanthus the 

* In adult stems of Monocotyledons the fibro-vascular bundles are scat- 
tered throughout the central cylinder instead of being disposed in a circle, 
as in the Dicotyledons. The bundles are closed and the tracheary tissue 
siuTOunds the phloem. 
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8 ECONOMIC WOODS OF THE UNITED STATES 

pith is comparatively large and conspicuous, often deeply colored. 
In Magnolia, Liriodendron, Nyssa, Asimina, and -4nona'4bere is 
often a more or less distinct septation of the clftitinuous pith 
by plates of stone cells, while in Juglans there is decided septation 
but the diaphragms are not sclerotic, and the pith is not con- 
tinuous between the disks. On account of these and other pecul- 
iarities the pith when present in a specimen of wood is frequently 
an aid to identification. 

References 
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BARK 

Bark is the name commonly applied to that portion of a 
stem lying outside the cambimn layer. Used in this broad sense, 
it is customary to distinguish an ovier (dry) portion and an inner 
(living) portion. The structure of bark is highly complex and 
widely variable. 

When shoots are first formed they are covered by a very 
thin layer of tissue, the epidermis. Beneath this is the primary 
cortex and the pericycle. The latter is conmionly composed of two 
kinds of tissues, thin^walled parenchyma and bast-fibres. The bast- 
fibres may occur in isolated groups or form a continuous band 
around the stem. When in groups they are often closely associated 
with, but not really part of, the phloem of the vascular bundles. 
Bast-fibres are attenuated sclerenchymatous elements, with 
sharp ends simple or branched. Their fimction is to give strength 
to the stem and to protect the delicate tissues of the phloem. 
It is to them that many barks owe their great toughness and 
pliability. 

Phloem, which is the outer portion of a vascular bundle, is in 
typical cases composed of sieve tubes, companion cells, and phloem 
parenchyma. In structure sieve tubes resemble vessels, but their 
walls are mostly delicate, non-lignified, colorless, cellulose mem- 
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branes. Between the ends of the sieve-tube segments (and some- 
tunes between adjacent side walls as well) are thin plates dotted 
with pits, resembling a sieve. The pit membranes are finally 
absorbed, allowing free communication from one cell to another. 
Unlike vessels, the segments of the sieve tubes remain alive for a 
year or more, though they lose their nuclei. This unusual phe- 
nomenon may be due to some influence of the companion-cells 
which are always so closely associated. The function of the sieve 
tubes is the vertical (especially downward) distribution of elab- 
orated food materials. After the first year the cells usually be- 
come crushed by the pressure of the surrounding tissues, their 
places being taken by new cells generated by the cambium. • 

In addition to the structure just mentioned, many other 
elements and structures may enter the composition of the bark. 
Among these may be mentioned resin ducts j latex tubes, stone cells, 
crystals, mucilage sacs, and tannin sacs. Bast rays are also present, 
being continuous with the rays of the xylem. They increase in 
width uniformly and gradually as they recede from the cambium. 

In practically all cases of growth in thickness the epidermis 
is destroyed at an early period and is replaced by cork. Cork is 
suberised tissue formed by a special meristem called cork cambium 
or phellogen, which originates in the epidermis or in the cells just 
beneath the epidermis. All parenchymatous cells, however, 
wherever located, appear to possess the ability to form cork. 
Woimd surfaces are closed and healed by it, and diseased and 
dead parts are isolated from those in living condition. 

The formation of cork cambium in the bark usually occurs 
during the first year's growth of the stem. As a result of its 
activity a layer of cork cells is generated on the outside, and fre- 
quently a layer of thin^walled parenchyma cells — ^the pheUoderm — 
on the inside. Collectively these new tissues, including the cork 
cambium, are called the periderm. The effect of the development 
of cork is to cut off from the interior mass of tissue portions of the 
cortex, which dry up and are eventually thrown off as outer bark. 
This action may occur only once, as in Fagus and Carpinus, but 
usually is repeated, and successively deeper layers of the cortex 
and eventually of the pericycle and phloem are cut off. 

In some species the successive formations of cork extend 
more or less uniformly around the stem, cutting off in each case 
an annular layer of cortex — sometimes called ring bark. In other 
species the successive internal layers are very irregular, and cut 
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off scale-like portions of the cortex — scaU-bark, The results are 
subject to very wide variation. 

In Platanus and Taxus the outer bark is shed annually in 
the form of comparatively liarge, irregular, thin flakes which, falling 
away, leave the surface smooth. In species of Betula thin, exfoli- 
ating layers are produced, marked with horizontal lines of lenticels. 
In many species of PinuSy the outer bark of mature trees is made 
up of small, irregular scales in very intricate pattern. In Hicoria 
ovata and H. ladniosa tte outer bark peels off in long, flat, reddish- 
brown strips, while several other species of the same genus have 
bark that is no^ flaky. In a great many woody plants the layers 
of bark persist for many years, and, as the stem increases in size, 
become more and more cracked and furrowed. Such is the case 
in Quercus, Robinia, Liriodendron, etc. In Sequoia, JuniperuSy 
Taxodium, and others of the Cedar group, the bark is character- 
istically fibrous. These examples are sufficient to indicate the wide 
variation in the bark and its importance as an aid to the identi- 
fication of a specimen upon which any portion of bark remains. 

The bark of many trees is of high technical value. A very 
great number are used for medicinal purposes. Tauga and species 
of Quercus possess barks which furnish a large proportion of our 
tannin supply, upon which the leather industry is dependent. 
Some barks contain coloring principles; others (e.g., Hicoria ovata) 
are highly valuable for fuel. Birch bark was formerly used for 
canoes. The inner barks of some woods (e.gf., Tilia) are sometimes 
used in manufacturing fibre cloth. The highly-developed corky 
layers of Quercus svber furnish the cork of commerce. 
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PRIMARY WOOD 

At the growing apex of a stem is an undifferentiated tissue 
composed of very thin-walled cells essentially all alike. This tissue 
is known as the primordial meristem. 

Below the apex the primordial meristem becomes differentiated 
into three distinct parts, viz., (1) the protoderm at the outside, 
(2) the procambium strands, and (3) the fundamental or ground 
meristem. These three regions or tissues are themselves subject to 
further differentiation and are called primary meristems. The 
protoderm changes into the epidermis; the ground meristem into 
pith, primary rays, pericycle, and primary cortex; the pro- 
cambium strands into vascular bundles, which are disposed in a 
circle around the pith and separated from each other by the 
primary rays. The vascular bundles are composed of three parts, 
an inner called the xyUm, an outer called the phloem, and, separ- 
ating the two, a thin layer of generative tissue, the cambium. 
These tissues, being the direct development of the cells of 
the procambium, are termed primary {primary wood or proto- 
zylem, and primary phloem or proto-phloem), in contradistinction 
to the tissues generated by the cambium, which are termed 
secondary. 

Primary wood is relatively unimportant, though of scientific 
interest because of its peculiar structure, which in many ways 
differs from the other wood of the stem. Thus in Angiosperms, 
wood fibres are usually wanting and tracheids are not common 
in the primary wood, while in the secondary wood fibres are 
always present and tracheids commonly so. In Gymnosperms the 
vascular elements of the primary wood are indeterminate in 
length, marked with spirals and for the most part devoid of pits 
in their walls, while the corresponding elements in the secondary 
wood are of determinate length, rarely marked with spirals and 
always pitted. 

References 

Stevens, William C: Plant Anatomy, pp. 25-45. 

Penh ALLOW, D. P.: North American Gymnospenns, pp. 38, 40. 

DeBary, a.: Comparative Anatomy, p. 321. 

Sachs, J.: Text-Book of Botany, p. 574. 



Digitized by VjOOQ IC 



12 ECONOMIC WOODS OF THE UNITED STATES 



CAMBIUM 

As previously stated, that portion of a pro-cambium strand 
which remains capable of division and generation is known as 
fascicular (i.e., bundle) cambium, since it produces on the inner 
side wood or xylem, and on the outer phloem-^coUectively a fibro- 
vascular bundle. The cambia of the several bundles are later 
united into a continuous sheath, and the portion between the 
original bundles is termed the inter-fascicular cambium. The 
cambial layer sheathes the entire woody cylinder from root to 
branch and separates it from the cortex or bark. It is composed 
of a thin layer of delicate, thin-walled, vertically elongated cells 
filled with protoplasm and plant food. It is this layer that is 
torn when bark is stripped from a living tree. During vigorous 
growth, "when the sap is up," the cells of the cambium are par- 
ticularly delicate, a fact taken advantage of in peeling poles, logs, 
and basket-willow rods. 

The division and development of the cambial cells give rise 
to (a) a layer of new wood on the outside of that last produced; 
(6) a layer of new phloem on the inside of that last produced; (c) 
continuation of the medullary rays of both xylem and phloem; 
and (d) new cambium. 
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Von Mohl, Hugo: Ueber die Cambiumschicht des Stammes der Phanero- 
gamen und ihr Verhaltniss zum Dickenwachsthum desselben, Bot. 
Zeitung, Vol. XVI, 1858, pp. 183-198. 

SECONDARY WOOD 

Tissues formed from cambium are termed secondary. Almost 
all of the wood of a stem is secondary wood, the small amount of 
primary wood being wholly negligible from a technological point of 
view. 

The principal functions of secondary wood are (a) to provide 
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mechanical support for the tree; (6) to afford means for the ascent 
of sap from the roots to the foliage; (c) alternately to store up 
and to give back products of assimilation, particularly starch. 

While the elements of secondary wood are subject to wide 
variation, they may for convenience be referred to three principal 
types, viz., (1) vascular, (2) fibrous, (3) parenchymatcms. Between 
these groups are transitional and specialized forms whose reference 
to one or the other of these groups is often purely arbitrary. The 
classification may be extended as follows: 



Vascular elements 
True vessels 
TracheidR 

(wood) tracheids 
ray tracheids 



Fibrous elements 

Wood fibres 

Septate wood fibres 
Parenchymatous elements 

Wood parenchyma 

Ray parenchyma 



In the following table are shown side by side the important 
differences in the distribution of the elements in t^^pical secondary 
wood of Gymnosperms and Dicotyledons. 



Gymnosperms 
True vessels absent. 
Wood tracheids present and forming 

bulk of wood. 
Ray tracheids present or absent. 
Wood fibres absent. 
Wood parenchyma present (except in 

TaxacecB)j but usually subordinate. 
Ray parench3rma present. 



Dicotyledons 
True vessels present. 
Tracheids present or absent; always 

subordinate. 
Ray tracheids absent. 
Wood fibres present. 
Wood parenchyma present, and very 

often conspicuous. 
Ray parenchyma present. 



From the above it is apparent that the wood of Dicotyledons 
is more heterogeneous in its nature than that of Gynmosperms, 
which is composed almost wholly of tracheids and ray parenchyma. 
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VESSELS 

Vessels are indeterminate, tube-like elements present in the 
wood of all indigenous dicotyledonous plants. In fact the absence 
of xylem vessels in woody Dicotyledons is a very rare phenomenon 
which, according to Solereder (loc, city p- 1136), has been recorded 
only in the exotic genera Drimys and Zygogynum of the Mag- 
noliacecB, and Tetracentron and Trochodendron of the Trochoden- 
dracecB, 

Vessels arise from cambial cells which increase in size and, 
.through the partial or complete absorption of their end-walls at 
the close of the process of thickening, become continuous in a 
longitudinal row. There is always a constriction at the place of 
fusion of the cells, thus plainly demarking the vessel segments (Plate 
VI, Nos. 3, 4, 6). The walls of contact of the segments of a ves- 
sel are sometimes (a) horizontal, but more often (6) oblique, and 
fit together exactly; or, again, they may be (c) oblique with a por- 
tion of the opposed faces united, the pointed and blind ends extend- 
ing beyond the division wall, as in lAquidambar and Quercus, In 
(a) the perforation from one segment to another is simple, i.e., with 
one round opening. In (6) and (c) the perforations are sometimes 
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simple and sometimes, especially in strongly inclined division 
walls, scalarifomiy that is, the opening is crossed with few to many 
bars in ladder-like arrangement. The bars are usually transverse 
to the longitudinal axis of the vessel. Both simple and scalari- 
form perforations may occur side by side in the same wood, but 
usually one form prevails. These features have considerable 
diagnostic value. For example, the perforations are simple in 
AceTy but scalariform in Betula and Cornus; in JEsculus and Tilia 
they are mostly simple, but in Liriodendron and Magnolia scalari- 
form. 

Other characteristics of the vessels are the markings on their 
walls. In most cases they are abimdantly pitted with bordered 
pits, except in contact with parenchymatous cells where the 
pitting may be either simple or bordered. (See Pits.) It is very 
common for vessels, particularly the small ones, to be marked with 
spirals on their interior walls (e.g., AceVy Ilex, Tilia, Ostrya, JEs- 
cuius). In Liquidambar only the pointed ends of the vessel seg- 
ments are marked with spirals. 

The function of vessels is to facilitate the ascent of water in 
the stem. Vessels lose their protoplasmic contents by the time 
their perforations are complete and become filled with air and 
water, or air alone. When their activity as water-carriers lessens 
they frequently become plugged with outgrowths from adjoining 
parenchymatous cells. (See Tyloses.) In the heartwood of 
certain species (e.g., Gymnocladus, Gleditsia, Guaiacum, Prosopis) 
they become wholly or partly filled with gums or resins; in 
others, with carbonate of lime. 

The length of vessels is usually very great, and doubtless often 
equals that of the whole plant. In width vessels exhibit great 
variation not only in different species, but also in different portions 
^ of the same growth ring. In some woods all of the vessels are 
small (e.g., Tilia, Msculus [Plate VI, Fig. 5], Populus, Salix); 
in others they are mostly large (e.g., Julians); very often, as in 
Quercus (Plate II, Figs. 5, 6), they vary from large (0.6 mm.*) 
and conspicuous to very small (0.1 mm.). 

Vessels in cross section are called pores, and when this term 
is employed it will be understood to apply to cross sections 
exclusively. Pores are usually readily distinguishable from the 
adjoining elements by their larger size, though it is not always 

* One millimetre is equal to about one twenty-fifth of an inch. 
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possible to tell small pores from cross sections of tracheids. In 
outline pores may be round, elliptical, or angular. The first 
two cases are the rule where the vessel walls are thick enough to 
resist the pressure of the surroimding elements. This is the case, 
for example, in the small pores of the red and live oaks (Plate II, 
Fig. 6), while in the white oaks (Frontispiece; Plate II, Fig. 5) 
the walls are thin and the pores angular in outline. Sometimes 
pores are disposed in rings or zones in the early wood of the 
growth ring, producing ring-porous woods (Plate III) ; in other 
cases they are scattered singly or in groups throughout the 
ring or arranged in radial or tangential rows, producing diiBFuse- 
porous woods (Plate VI). (See Growth Rings.) In any case 
the largest pores are almost invariably in the first formed wood 
of the season. The distribution, size, form, and arrangement of 
the pores are characters of great importance in classifying woods. 
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TRACHEIDS 

Tracheids are elongated, spindle-shaped, fibre-like elements, 
determinate in length and characterized by bordered pits in 
their side-walls. 

In the wood of Gymnosperms the tracheid is the dominant 
element, .performing the dual function of conducting water and 
providing mechanical support for the tree. Bordered pits are 
mostly confined to the radial walls, except in late wood, and are 
most abimdant near the ends of the tracheids and in one or two 
rows (Fig. 2, D). Seen in cross section, the tracheids are polygonal 
in outline, arranged in radial rows, and, near the periphery of 
growth ring, with very appreciable increase in thickness of the 
wall, reduction of the lumen, and tangential flattening (Fig. 8; 
Plate II, Figs. 1, 2, 4). In a few species, particularly Psevdotsuga, 
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Taxus, and Tumion, the tracheids are characterized by spiral 
thickenings on the inner wall. 



TABLE I 

LENGTH OF TRACHEIDS IN CONIFEROUS WOODS 



Botanical Name 



Average 


Maximum 


Minimum 


mm. 


mm. 


mm. 


3.10 


4.20 


2.00 


4.65 


6.00 


2.75 


4.15 


5.70 


2.90 


3.60 


4.35 


2.55 


2.10 


2.80 


1.45 


2.60 


3.80 


1.75 


4.00 


4.70 


3.00 


5.70 


6.95 


3.05 


2.95 


3.65 


2.50 


2.85 


3.70 


2.30 


5.90 


7.20 


4.40 


1.95 


2.55 


1.50 


4.45 


6.85 


2.75 


4.40 


5.45 


2.75 


2.65 


3.70 


1.80 


5.55 


6.70 


3.00 


3.30 


4.00 


2.50 


4.05 


4.80 


3.20 


3.55 


4.55 


3.20 


3.10 


3.90 


2.55 


2.75 


3.95 


1.75 


2.70 


3.30 


1.80 


7.00 


9.25 


4.05 


4.80 


6.95 


3.45 


4.70 


6.80 


3.65 


2.00 


2.40 


1.40 


3.85 


4.55 


3.15 


4.00 


5.05 


2.80 


3.05 


3.65 


1.75 



Abies baJsamea 

" concolor 

" grandis 

Chamaec3rparis lawsoniana 
" thyoides . . 

Larix occidentalis 

Libocedrus decurrens .... 
Picea engelmanni 

" rubens 

" sitchensis 

R^MSl^hii^ta 

"^^edulis 

" lambertiana 

" monticola 

" murrayana 

" palustris 

" ponderosa 

" resinosa 

" strobus 

" tflBda 

" virginiaiia 

Pseudotsuga taxif olia .... 

Sequoia sempervirens .... 

'^ washingtoniana. . 

Taxodium distichum 

Thuya occidentalis 

" plicata 

Tsuga canadensis 

" heterophylla 



In certain conifers, particularly Pinus, specialized forms of 
tracheids of a parenchymatous type are found associated with 
resin ducts and cysts. They resemble wood-parenchyma cells in 
form and fimction, but have bordered pits in their side and end 
walls. Analogous to them are the ray tracheids found in several 
genera of conifers. (See Rays.) 

The tracheids of broadleaf woods (Fig. 2, E) are subordinate 
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elements often entirely wanting. They are much smaller and less 
uniform in size and shape than in conifers, and are of most common 
occurrence in the immediate vicinity of vessels. Their ends are 
often curved, especially when they terminate just above or below 
a ray. The walls are usually comparatively thin and bear numer- 
ous bordered pits very irregularly distributed. Intermediate 
forms of tracheids are sometimes found which show distinct 
transition to the vessels in the detailed structure of their walls 
and in the occasional presepce of perforations at the ends of the 
cells. 
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WOOD FIBRES 

Typical wood fibres (Fig. 2y A, B) are slender, spindle-shaped, 
sharp-pointed cells with thick walls and narrow cavities. They 
are further characterized by usually oblique and slit-like simple 
pits, or less frequently by small, indistinctly bordered pits. Wood 
fibres are not found in Gymnospenns, but are nearly always 
present in the wood of Dicotyledons. 

Wood fibres are of two types, septate and ordinary (non- 
septate) » The septate forms are divided by cross-partitions 
formed after thickening of the walls has begun. They are of 
limited occurrence and of relatively small importance. They 
are characteristic of Swietenia mahagoni and serve as one means 
of distinguishing the wood from that of certain others closely 
resembling it. 

The ordinary forms are very common and are the principal 
source of strength, hardness, and toughness of broadleaf woods. 
While their function is largely mechanical, it is probable that 
they, especially those with bordered pits, play some part, as yet 
undetermined, in water transportation. 

Wood fibres exhibit transitional forms from the typical to 
tracheids on one hand, and to wood-parenchyma fibres on the 
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other. In structure and arrangement they exhibit variations of 
considerable taxonomic value. For example, in Ilex the fibres 
are rather thin-walled and marked with spirals and bordered pits, 
and closely resembling tracheids except for their greater size. 
In lAquidambar (Plate VI, Fig. 1) the fibres are mostly square in 
cross section and in rather definite radial arrangement. In 





ftrP 



H 



B C 

Fig. 2. — Typical Wood Cells. A, Wood fibre with very narrow lumen; B, 
wood fibre with larger lumen and showing oblique, slit-like simple pits (s. p.) ; 
C, end of wood fibre showing saw edge; C", end of wood fibre showing forked 
structure; D, ends of two tracheids from Pinvs showing numerous bordered pits 
(6. p.) ; E, Tracheid from Quercua; F, wood-parenchyma fibre, showing individual 
cells and simple pits («. p.) ; (x, chambered wood-parenchyma fibres from Jxiglans, 
showing crystals of calcium oxalate; H, conjugate parenchyma cells; K, portion 
of a vessel segment showing simple perforation (p) ; L, portion of a vessel segment 
showing scalariform perforation {Sc. p.). Greatly enlarged. 

Robinia (Plate III, Fig. 3) and Toxylon they are in rather large, 
compact masses in the late wood, separated by groups or bands of 
pores and parenchyma. In any wood in which they occur they are 
most abundant in the median portion of the growth ring, and 
material decrease in the width of a ring is usually at their expense. 
The ends of most wood fibres are smooth and uniformly 
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tapering, but sometimes they are flattened, or forked, or with a 
saw edge (Fig. 2, C, C), adding to the toughness of the wood. 
Fibres usually run parallel to one another, but in some woods 
they exhibit a decided interweaving which produces an irregularly 
grained wood very difficult to split. 

TABLE II 
Length of Wood Fibres in Dicotyledonous Woods 



Botanical Name 



Average 


Maximum 


mm. 


mm. 


.75 


1.00 


1.80 


2.20 


1.15 


1.45 


1.25 


1.70 


1.20 


1.70 


1.35 


1.70 


1.45 


2.00 


1.10 


1.65 


1.60 


2.00 


1.90 


2.50 


1.75 


2.30 


1.70 


2.35 


1.90 


2.30 


1.40 


2.20 


1.00 


1.35 


1.35 


1.80 


1.15 


1.90 


1.25 


1.50 


1.50 


2.10 


1.55 


1.80 


1.20 


1.45 


1.40 


1.80 


.85 


.95 


1.15 


1.45 


1.50 


1.90 



Minimum 
mm. 



Acer rubnim 

Betula nigra 

Castanea dentata 

Celtis occidentalis 

Fagus americana 

Hicoria alba 

Ilex opaca 

Juglans nigra 

Liquidambar styraciflua 
Liriodendron tidipif era . 
Magnolia acuminata. . . 

Nyssa sylvatica 

Platanus occidentalis. . . 
Populus deltoides 

" grandidentata . 

" heterophylla. . . 

" trichocarpa — 
Quercus alba 

" coccinea 

" michauxii 

" rubra 

" virginiana 

Salix nigra 

Tilia americana 

Ulmus americana 



.50 

1.50 

.80 

1.05 

.75 

.90 

1.15 

.65 

1.25 

1.40 

1.00 

1.05 

1.30 

.50 

.65 

1.00 

.50 

1.00 

1.00 

1.10 

.70 

.85 

.45 

.85 

1.15 
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WOOD PARENCHYMA 

Parenchyma occurs in the secondary xylem of all woody 
plants, and, with few exceptions, is disposed in two systems: 
(1) the vertical, composed of more or less scattered rows of cells 
forming the wood parenchyma; and (2) the horizontal, made up of 
plates of cells extending radially and at right angles to the axis — 
the medullary rays or pith rays. Its chief function is the distribu- 
tion and storage of elaborated food materials. 

Typical wood-parenchyma fibres (Fig. 2, F; Plate IV, Figs. 
5, 6) of Dicotyledons resemble septate wood fibres, but have (1) 
thinner walls, (2) invariably simple, rounded pits instead of 
oblique, slit-like simple or bordered pits, and (3) cross walls equal 
in thickness to the lateral walls. The individual cells of a wood- 
parenchyma fibre are mostly short and prismatic, pitted with 
simple pits and (with the exception of the terminal ones, which 
are pointed) with transverse or oblique end walls. Between 
wood fibres and wood-parenchyma fibres are intermediate forms 
without septa — substitute fibres or intermediate wood fibres. 

Where wood parenchyma borders on large vessels it is usually 
much flattened as a result of the pressure of the expanding vessel 
segments. In such locations also are sometimes special forms 
termed conjugate cells because of flatly tubular processes extending 
from one to another shghtly distant, thus uniting them (Fig. 2, H), 

There are special forms of wood parenchyma in which the 
individual cells are divided by cross walls into small chambers 
of approximately even size which contain solitary crystals, usually 
of calcium oxalate (Fig. 2, G; Plate IV, Fig. 6). Such crystals 
are only slightly soluble even in the strongest acids, and are very 
plainly visible imder high magnification in both cross and longi- 
tudinal sections. Crystals occur in all species of Quercus^ though 
they are commonly more abundant in the live oaks than in decid- 
uous species. In Juglans (Plate IV, Fig. 6), Hicoria (Plate IV, 
Fig. 3), and Diospyros, crystals are often quite conspicuous. 
Calcium-o±alate crystals are also common in ray-parenchyma 
cells. 

The distribution and arrangement of wood-parenchyma fibres 
in diflFerent species are subject to considerable variation. As seen 
on cross sections of woody Dicotyledons the fibres may be (a) 
scattered irregularly throughout the growth ring (Plate V, Figs. 
3, 5), (b) arranged in tangential lines or bands (Frontispiece, 
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Plate IV, Figs. 1, 2), (c) terminal, i.e., comprising the outer limit 
of the growth ring (Plate III, Fig. 6; Plate V, Fig. 2; Plate VI, 
Fig. 2), (d) surrounding pores (Plate III, Figs. 3, 5), (e) ar- 
ranged in radial rows. These features are quite important in 
classifying woods. For example, in Fraxinus americana the pores 
in the late wood are usually joined tangentially by narrow bands 
of wood parenchyma, while in F. nigra (Plate V, Fig. 2) the pores 
are rarely so united. In Hicoria (Plate IV, Fig. 1) wood paren- 
ch3rma is in numerous, fine, concentric lines as distinct as the 
rays, while in Diospyros (Plate IV, Fig. 2) the lines are finer than 
the rays and very indistinct. In Tilia wood parenchyma is in 
tangential lines, but is not so disposed in Liriodendron, Magnolia, 
and Msculus. In Liriodendron (Plate VI, Fig. 2) and Magnolia 
the outer limit of the growth ring consists of 2-4 rows of tan- 
gentially flattened wood-parenchyma fibres with very thick, copi- 
ously pitted radial walls. 

Wood parenchyma is present in the wood of all Gymnosperms 
except the Taxacece. The cells are invariably associated with 
resin formation and are usually referred to as resin cells or epithelial 
cells, according as they are more or less scattered or surrounding 
resin ducts. 

Resin cells are usually cylindrical or prismatic, thin-walled, 
with transverse terminations more or less strongly marked with 
simple pits. The pits in the side walls are often few and invariably 
simple. Resin cells can usually be distinguished on cross sections 
under the microscope by their thin walls, simple pits, or better 
by the deep color of their contents. If the section passes near 
enough to an end wall the simple pits therein give the appearance 
of a sieve plate (Fig. 10). While in most cases resin cells are 
invisible without the microscope, and often not readily found with 
it, yet in Juniperus, Taxodium, and Sequoia they are usually 
conspicuous, not infrequently giving rise in the first two species 
to wavy tangential lines in the growth ring, visible to the unaided 
eye. 

The distribution of the resin cells is variable. In some cases 
{e,g,y Thuya) they are scattering; in others {e,g,, Taxodium [Plate 
II, Fig. 1], Juniperus [Plate II, Figs. 3, 4], Libocedrus) ihey are 
disposed in well-defined zones concentric with the growth ring, 
being most abimdant as a rule in the transition zone between 
early and late wood. In still other cases (e.g., Tsuga) there is 
often a tendency of some of the resin cells to aggregation, and in 
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some cases the formation of imperfect resin ducts or resin cy^ts 
(Fig. 10). (See Resin Ducts.) ^V 

In Pinus (Fig. 8) wood parenchyma is found only in association 
with resin ducts, isolated resin cells being absent; while in Larix 
and Psevdotsuga resin cells are occasionally found on the extreme 
outer face of the late wood. In Abies resin cells are remote and 
inconspicuous; in Thuya plicata they are present, though often 
zonate in widely separated growth rings, thus often apparently 
absent. In Sequoia (particularly S, sempervirens) the resin cells 
are partially filled with dark resin masses which appear on longi- 
tudinal surface as fine dotted lines, or under lens as rows of black 
or amber beads. 
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RAYS 

Medullary or pith rays, for brevity termed simply rays^ 
appear on the cross section of a stem as radial lines crossing the 
growth rings at right angles and extending into the bark (Fig. 1). 
A few of them originate at the pith and are commonly known as 
primary rays. Successively, as the stem increases in size, addi- 
tional or. secondary rays arise between those already formed. 
A ray may arise in the cambium layer at any point, and once formed 
its growth is continuous.* 

Under the microscope the line formed by the ray becomes a 
radial series of mostly elongated cells usually with transverse 
end walls (Plates II-IV). Viewed radially a ray appears as a 
muriform structure composed of from one to many tiers of brick- 
shaped cells (Plate IV, Figs. 5, 6). In tangential section the ends 
of the rays are visible, showing to advantage their height, shape, 

* When on cross or radial sections a ray appears to be discontinuous, it is 
probable that it has merely been missed by the plane of section. This empha- 
sizes the importance of making cross sections exactly at right ailgles to the 
axis of growth, and radial sections as nearly as possible parallel with the rays. 
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width, and distribution, and also the outline in cross section of 
the component cells (Plate III, Fig. 1; Plate IV, Figs, 3, 4; Plate 
VI, Figs. 3, 4, 6). 

Ray cells are usually elongated in the radial direction. This is 
normally the case in Gymnosperms and usually so in the woody 
Dicotyledons. Not infrequently in the latter, however, part or 
all of the cells are upright j i.e., with their greatest diameter vertical, 
or are square. The marginal cells are sometimes upright and the 
interior cells radially elongated or procumbent (Fig. 3) . The upright 
cells are often very irregular, especially the outermost marginal 
rows; sometimes they are nearly square; again they are in pali- 
sade arrangement. When these upright or square cells are in 




Fig. 3. — Radial sections of heterogeneous rays. A, Sassafras sassafras (sassa- 
fras); B, Nyssa sylvatica (black gum); C, uEscultis octandra (buckeye), showing 
large pits (I. p.) in upright cells {up. c), where they adjoin vessels; and small pits 
(s. 2>.)f in procumbent cells (pr. c). No pits are shown in A and B, Magnified 
about 150 diameters. 

contact with large vessels the separating walls are characteristically 
marked with very large pits whose polygonal or oval outlines 
present the appearance of lattice work (Fig. 3, C). The lateral 
walls of similarly located procimibent cells usually contain few 
small pits. Moreover, in proximity to large vessels the walls 
between all ray cells are usually thicker and much more abim- 
dantly pitted than elsewhere. Upright cells are not always easy 
to distinguish from the cells of wood-parenchyma fibres, especially 
where they cross the latter, on account of the similar direction of 
their longitudinal diameters. 



Digitized by VjOOQ IC 



ECONOMIC WOODS OF THE UNITED STATES 25 

Rays consisting wholly of procumbent cells may be said to be 
homogenecms; those which contain both upright and procumbent 
cells, heterogeneous (Fig. 3). Heterogeneous rays are characteristic 
of many dicotyledonous woods, and are features of importance in 
classification. For example, Celtis has heterogeneous rays, while 
those of Ulrrms are homogeneous. The same distinction obtains 
between Salix and Populus, Sassafras and Fraodnus, The rays of 
Sassafras are peculiar in having a few of the marginal cells abnor- 
mally large and rounded or ovate (Fig. 3, A). 

The rays in the wood of Gymnosperms are for the most part 
one cell wide, i.e., uniseriate, and from 1 to 20 cells high. It is not 



Fig. 4. — Radial section of ray of Pinus atrohua (white pine); showing the 
smooth upper and lower walls of the ray tracheids (r. tr.), and the presence in the 
lateral walls of the ray-parenchyma cells (r. p.) of large simple pits (a. p.), com- 
municating with the wood tracheids {w. tr.) adjacent; h, p., bordered pits. Magni- 
fied about 250 diameters. 

uncommon to find biseriate rays, and those which contain resin 
ducts (PinuSy Picea, Larix, Pseudotsuga) are multiseriate. The 
latter, because of their shape as seen on tangential section, are 
called /tm/orm rays (Fig. 9). 

In woody Dicotyledons there is more variation in the rays. 
In some instances (e.gr., JEsculus [Plate VI, Fig. 6], Salix, Populus) 
low uniseriate rays only are present. At the other extreme is 
Quercus (Plate III, Fig. 1), where the largest rays are from 25 to 
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75 cells wide and several hundred high. These large rays give rise 
to the handsome figure of quarter-sawed (i.e., radially cut) oak 
lumber. Besides the large rays in Quercus there are numerous 
intermediate ones, mostly uniseriate and 1-20 cells high (Plate 
III, Fig. 1). In Platanus the rays are uniformly broad (10-15 
cells), while in Fagus only a portion of the rays are broad (15-25 
cells), the intermediate ones being uniseriate. In some of the 
evergreen oaks, Cdrpinus and species of Alnus (Plate V, Figs. 3, 4), 
the large rays appear to be composed of numerous small ones 



Fig. 5. — Radial section of a ray of Pinus edulia (pinon pine), showing the 
smooth upper and lower walls of the ray tracheids (r. tr.), and the presence in the 
lateral walls of the ray-parenchyma cells (r. p.) of small semi-bordered pits (a. h. p.), 
communicating with the wood tracheids (w. tr.) adjacent; a. p., simple pit; b. p., 
bordered pit. Magnified about 250 diameters. 

separated by wood fibres. Such rays are termed aggregate or 
compound rays; sometimes also false rays. Every ray, regardless 
of its width at the middle, tapers to an edge so that the upper 
and lower margins are a single cell wide.* 

The comparative distinctness which rays on cross section 
present to the unaided eye is important in separating certain 
woods which bear superficial resemblance. For instance, the 

* For this reason cross sections often do not afford a correct idea of ray 
width. 
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rays in Sassafras are much more distinct than in Fraxinus; like- 
wise in Celtis and Ulmus, Tilia and JEsculus, Acer and Betula. 
In white oaks the height of the large rays averages considerably 
greater than in the red or live oaks. 

In dicotyledonous species the rays are composed wholly of 
parenchyma. In certain Gymnosperms {Pinus, Larix, Picea, 
Psevdotmgay Tsuga, and occasionally in others) ray tracheids are 
present (Figs. 4-7). They are usually marginal, but often inter- 
spersed and sometimes they compose entire rays, particularly 




Fig. 6. — Radial section of a ray of Pinus reainoaa (red or Norway pine), 
diowing the dentations (d) or reticulations on the upper and lower walls of the ray 
tracheids (r. tr.), and the presence in the lateral walls of the ray-parenchyma cells 
(r. p.) , of large simple pits (s. p.) communicating with the wood tracheids (to. tr,) 
adjacent; b, p., bordered pit. Magnified about 250 diameters. 

low ones. They can be distinguished from the ray-parenchyma 
cells by the presence of bordered pits in the lateral and especially 
the end walls^ They are often irregular in outline and are devoid 
of visible contents. They have their counterparts in the paren- 
ch3rmatous tracheids surrounding the epithelial cells of resin cysts 
and ducts. In the young root, and sometimes in the young stem 
as well, special upright or oblique forms occur which may be 
considered as transitional from wood tracheids to ray tracheids. 

The character of the upper and lower walls of the ray tracheids, 
whether smcf th, as in soft pines, or dentate or reticulate, as in 
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pitch pines, affords a constant diagnostic feature of much im- 
portance in separating the two great groups of Pinvs (Figs. 4-7). 
Ray-parenchyma cells in general communicate with each other, 
with the ray tracheids, and with the adjacent wood elements by 
means of pits always simple in the wall of the parenchyma cell, 



Fig. 7. — Radial section of a ray of Pinua pcUustris Gongleaf pine), showing the 
dentations («iH>r reticulations on the upper and lower walls of the ray tracheids 
ti't'te^, and the presence in the lateral walls of the ray-parenchyma cells i^v^ of 
small simple pits («. p.), communicating with the wood tracheids (w, tr.) adjacent; 
6. p., bordered pit. Magnified about 250 diameters. 

but commonly more or less bordered in the other. Often certain 
cells of a ray have thicker >valls and more numerous pits than the 
others. 
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RESIN DUCTS 

Resin ducts are long, narrow, intercellular channels surrounded 
by parenchyma cells and filled with resin (Fig. 8). Unlike vessels, 
they have no walls of their own, but are limited by a layer of cells 
called epithelium. The epithelial cells are thin-walled in Pinus 
and mostly thick-walled in Larix, Piceay and Pseudotsuga. When 
thick-walled the cells are rounded and show clearly in cross sec- 
tion, while those with thin walls are compressed and very likely 
to be torn in sectioning. 

Resin cysts are very short, duct-like, intercellular spaces very 
common in Sequmay Tsuga, and Abies. Not infrequently they 
are in longitudinal series, but differ from a true duct in having 
numerous constrictions. 

Resin ducts are largest and most abundant in Pinus, where 
they are fairly well disjbribut )d throughout the growth ring, though 
usually more numerous in the transition zone between early and 
late wood. They are comparatively large in most species, averag- 
ing aLout 0.25 mm., and are readily visible to the imaided eye. 
On longitudinal surface they appear as long, delicate lines like 
pin scratches, filled with resin. In Larix, Picea, and Pseudotsuga 
the ducts are smaller, sometimes invisible without lens, fewer in 
number, and irregularly distributed, often more or less grouped. 

In addition to the ducts extending in a vertical direction, there 
are horizontal ducts in the fusiform rays (Fig. 9). The two series 
are united at infrequent intervals. 

Resin ducts very commonly develop as a result of injury, 
not only in genera in which they occur normally, but also in others 
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(e.g., Tsuga, Abies, Sequoia) where normally absent. The formation 
of these traumatic resin ducts, as they are called, following wound- 
ing by chipping of the outer layers of the sapwood of Pinus 
palustris, is the source of most of our turpentine and other naval 
stores. Traumatic ducts can be distinguished from normal ones 



Fig. 8. — Cross section through a portion of two growth rings of Pinus ponderosa 
(western yellow pine); r. d., resin duct; e., epithelial cells; r., ray; e. w., early 
wood; I. W.J late wood; b. p., bordered pit. Magnified about 200 diameters. 

by their peculiar localization, usually, as seen on cross section, 
forming one or more compact rows concentric with the growth 
ring (Fig. 10). Transverse ducts may also arise traumatically. 

Resin ducts do not occur in thewood of indigenous Dicotyledons, 
but are characteristic of the Dipterocarpece and certain Ccesalpinece, 
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In Leitneria floridana ..numerous resin ducts are found at the 
margin of the pith, but are not in the wood. The epithelial 
cells are thick-walled and in a single layer. 
Resin ducts are features of great system- 
atic importance. Their presence in Pinus, 
Picea, LariXj and Psevdotsuga serves as an ade- 
quate basis for separating the woods of these 
four genera from other Gymnosperms. Their 
relative size, distribution, and occurrence, and 
the character of the epithelium, whether thick 
or thin-walled, are features made use of in 
specific diagnoses. 
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PITS 

All wood elements when first formed are 
limited by a very thin cellulose membrane, 
the primary wall. Subsequent development 
involves an internal thickening which is com- 
posed very largely of lignin, the secondary wall. 
This thickening may proceed uniformly, or, as 
is usually the case, small gaps, called pits^ 
occur. A pit is merely an unthickened 
portion of the cell wall. Pits - are of two 
principal types, simple and bordered (Fig. 11). 



Fig. 9. — Tangen- 
tial section of a fusi- 
form ray from Pinus 
ponderosa (western 
yellow pine); r. d., 
horizontal resin 

duct; e., epithelial 
cells; r. t., ray tra- 
cheids; the remain- 
der of the cells are 
ray-parenchyma 
cells. Magnified 

about 200 diameters. 
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Intermediate forms exist whose reference to either group is 
arbitrary. 

A simple pit is one in which the thickening about a spot on 
the primary wall forms a canal which is equally wide throughout 
its length, or narrowing outward (Fig. 11, H), The length of the 
canal is determined by the thickness of the secondary wall. When 
simple pits occur in very thick-walled cells, there is often a tend- 
ency to a slight funnel-formed enlargement of the canal toward 



Fig. 10. — Cross section of a wound area in Tsuga canadensis (eastern hemlock) 
showing five traumatic resin ducts {tr. r. d.), in tangential row. Note thick-walled 
epithelial cells (e), and occasional resin cells (r. c), showing sieve-like end walls. 
Magnified about 150 diameters. 

the primary wall. Often the canal widens sufficiently to present 
the appearance of a narrow border (Fig. 11, (?). Seen in profile, 
as in section, the pit canal of such a pit is narrow at the end 
toward the centre of the cell, but widens gradually outward. 

A bordered pit is one in which the canal widens suddenly, 
that is, with a distinct angle, toward the primary wall (Fig. 11, A). 
In surface view a bordered pit appears as a bright spot or slit 
within a circle or ellipse (Fig. 11, B). This outer circle marks 
the limit of the unthickened area; the bright spot is the inner 
opening or aperture of the canal; the zone between the two is 
called the border. 

Pits, especially bordered ones, usually are paired on opposite 
sides of the primary-cell walls. Kts between vascular elements 
are invariably bordered; between parenchymatous elements, 
invariably simple; between vascular and parenchymatous, they 
may be simple, but more frequently are semi-borderedy that is. 



Digitized by VjOOQ IC 



ECONOMIC WOODS OF THE UNITED STATES 



33 



bordered in the vessel or tracheid, and simple in the adjacent 
parenchyma cells (Fig. 11, F). Pits in typical wood fibres are 
simple and slit-like, and usually in oblique position (Figs. 11, -K; 
2, B) . In many cases, however, where the fibres resemble tracheids 
their pits are more or less bordered. The fibres of the bast have 
only simple pits. 

The shape of the border is cominonly circular, but may be 
oval, lenticular, oblong, or, in the case of dense aggregation, polyg- 
onal. Scalarifann markings found on the vessel walls in certain 



p.c,w, 



p.cw. 




n 



i'^m 



C%f, 



(=^=^) 




Fig. 11. — Schematic representation of pits, greatly enlarged. A, section of 
bordered pit showing cell walls (c. w.), primary cell wall (p. c. w.), pit canal (c), 
torus (0 ; -4', the same with torus (0 shoved to one side and lying lid-like against 
the aperture of the pit canal; B, surface view of bordered pit shown in A or A\ 
showing aperture (a) and border (6) ; C, surface view of bordered pit with lentic- 
ular aperture (a), the crossed appearance being due to the fact that the apertures 
on opposite sides of the pit are shown; Z), surface view of a bordered pit with 
slit-like aperture (a) , common in thick- walled tracheids of late wood in gymnosper- 
mous woods; E, surface view of scalariform bordered pit with narrow, elongated 
aperture (a) and border (6) ; f , section of a semi-bordered pit showing border on 
one side only; Cr, simple pit with funnel-formed canal and appearing slightly 
bordered in surface view; H, ordinary simple pit with canal (c) uniform or narrow- 
ing outward (i.e., toward primary cell wall) ; K, surface view of slit-like pit com- 
mon in wood fibres. 

woods (i.e., Magnolia [Plate VI, Fig. 3], Anona glabray Liquidanibar 
in part) are merely much-elongated bordered pits which appear as 
horizontal clefts with only narrow portions of the wall between 
them (Fig. 11, jB). 

The pit cavities of two adjacent pits are separated by the 
primary walls which persist as a limiting m^erribrane (Fig. 11, p.m.). 
3 
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This membrane, which is really made up of two membranes of 
contiguous cells which have become united in development, is 
very thin toward the border of the pit, but usually thickened 
near the centre. This thickened portion is called the tones (Fig. 
11, t). The pit membrane very frequently increases in size and 
bulges out so that the torus lies lid-like against the aperture of 
the pit canal (Fig. 11, A'). A sieve-like structure of the pit 
membranes has been observed in the bordered pits of the vessels 
in certain species.* 

Between the bordered pits on the radial walls of the tracheids 
of Gymnosperms it is very common to find folds of cellulose, which, 
when properly stained, are quite conspicuous under the compound 
microscope. These folds, which appear as horizontal or more or 
less semi-circular markings, sometimes doubled, are most abundant 
in the thin-walled tracheids of the early wood. They are without 
diagnostic value. 

The apparent function of pits is to facilitate the passage of some 
part of the cell contents from one cell to another. Bordered pits 
are mostly associated with water transfer, and simple pits with 
the distribution of elaborated food. 

Pits are of considerable value for systematic purposes. For 
example, in the white pines and Pinus rednosa, the radial wall 
of each ray-parenchyma cell shows one or two large simple pits 
communicating with each adjacent wood tracheid, while in the 
foxtail and nut pines and in the hard pines there are three to 
six rather small pits so commimicating (Figs. 4-7). The presence 
of pits in the tangential walls of the tracheids of the late wood 
in soft pines, and their absence in similar location in the pitch 
pines, serve as an additional point of distinction between these 
two great groups. 

While the pits in the radial walls of the tracheids of Gymno- 
sperms are usually in a single row, they may occur in biseriate 
or triseriate arrangement. In the larger tracheids of Tsitga they 
are mostly biseriate. In Taxodium distichum they are characteris- 
tically crowded, flattened, and often irregularly arranged. 

In dicotyledonous woods as a whole, pits are much smaller 
and less regular in their distribution than in Gymnosperms. The 



* JoNssoN, Bengt. : Siebahnliche Poren in den trachealen Xylemele- 
menten der Phanerogamen, hauptsachlich der Leguminosen, Berichte d. 
deutschen Botanisohen Gesellschaft, Vol. X, 1892, pp. 494-613. 
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nature of the pits, whether simple or distinctly bordered, in the 
walls of the wood fibres, and the character of pitting where vessels 
are in contact with wood parenchyma or the rays, are often 
helpful in classification. Scalariform bordered pits in the walls 
of the vessels of Magnolia (Plate VI, Fig. 3) serve to distinguish 
this genus from Liriodendron (Plate VI, Fig. 4), in which they 
are absent or very sparingly developed. 
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TYLOSES 

It is not uncommon to find the vessels of many Dicotyledons 
(Plate III, Figs. 3, 4) and the resin ducts of certain Gymnosperms 
more or less completely filled with pith-like cells called tyloses. 
Usually the walls of the tyloses are very thin, but exceptions occur 
(e.g., Robinia and Toxylon) where they may be considerably 
thickened, sometimes becoming sclerotic. Tyloses in large vessels 
are plainly visible to the unaided eye, their high lustre giving 
them the appearance of froth. 

Tyloses are cells which have developed from protrusions of the 
wood or ray parenchyma into the lumen of a vessel or the canal 
of a duct or an intercellular space. Their formation is apparently 
due to differences in pressure within the parenchyma cells and the 
vessels or ducts they adjoin. After vessels lose their sap they are 
no longer turgid, in fact the air within them becomes rarefied. In 
consequence of this reduction of pressure the neighboring paren- 
chyma cells rupture or disorganize the limiting membranes of the 
pits, thereby rendering the lumen of the vessel available for their 
further extension and development. This explains why tyloses 
do not occur in vessels which are in a state of activity, but as a 
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general rule arise in the inner region of the sapwood, i.e., in the 
wood where the vessels are losing their power of conduction. Once 
inside the vessel, the intruding cells rapidly divide and grow until 
the space is filled or their food-supply is exhausted, and thus form 
a parenchymatous tissue in which carbohydrates may be stored. 

The effect of the formation of tyloses is to block up the vessels 
and render the heartwood impervious, or nearly so, to the entrance 
of fluids. Tyloses are especially abimdant in the vessels of white 
oaks (Frontispiece) J thus adding to the technical value of the 
wood for cooperage. This feature is also of some value in sepa- 
rating the white from the black oaks, since in the latter group 
tyloses are rather scarce or wanting (Plate II, Fig. 6). In Quercus 
marilandica, however, tyloses are abundant. 

Tyloses also occur occasionally in the tracheids of the wood of 
Gymnosperms, particularly in the wood of the roots. Tyloses 
in resin ducts are characteristic of Pinus and (in less degree) Picea, 
but are sparingly developed or absent in Larix and Pseudotsuga. 
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PITH FLECKS OR MEDULLARY SPOTS 

Pith flecks or medullary spots are small, brown or grayish, 
half-moon-shaped patches appearing so commonly on the cross 
sections of many diffuse-porous woods, especially of the four 
families Salicdcece, Betuldceoe, RosacecB, and Aceraceos, On longi- 
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tudinal sections of a stem the pith flecks appear as flattened strands 
running up and down the stem, and often into the root. Examined 
microscopically, pith flecks are seen to be made up of irregularly 
shaped, polyhedral, parenchymatous cells with thick, dark- 
colored walls copiously pitted with simple pits. At certain seasons 
the cells are filled with starch grains. 

Pith flecks have a pathological origin. They are due to the 
work of cambium miners whose tunnels are filled by the tylosal 
development of adjacent iminjured parenchyma cells, especially 
of the cortex. The dissolved cell fragments and larval excrement 
are pressed into a narrow border by the rapid growth and division 
of the "filling cells." 

This feature has frequently been used for purposes of classifi- 
cation, principally because of the failure to understand its exact 
nature. It has been noted in a large number of woods, but is by 
no means constant in its occurrence. Some stems, for example, 
contain numerous pith flecks, while other individuals of the same 
species in the vicinity, or even from the same root stock, do not 
show them. Furthermore, in stems with pith flecks certain growth 
rings may be free of them, while others of the same section are 
thickly dotted, or the lower portion of the stem may contain 
them and the upper be entirely free. 

Taken in connection with other features, however, the presence 
of pith flecks in abundance may serve to indicate the species. 
For example, they are usually very numerous in Betula populifolia 
and B, papyrifera, and infrequent in B. lenta, B, lutea, and B, nigra, 
numerous in Acer rubrum and A. saccharinum, but usually want- 
ing in A. saccharum. 

References 

Record, S. J.: Pith Flecks or Medullary Spots in Wood, Forestry Quarterly, 

Vol. IX, No. 3, 1911, pp. 244-252. 
Grossenbacher, J. G.: Medullary Spots: A Contribution to the Life History 

of Cambium Miners, Tech. Bui. No. 15, N. Y. Agri. Exp. Sta., Geneva, 

N. Y., 1910. 
Von Tubeuf, Karl F.: Die Zellgange der Birke und andeier Laubholzer, 

Forstlich-naturw. Zeitschrift, VT. Jahrgang, 1897, pp. 314-319. Also 

Naturw. Zeitschrift f. Forst- und Landwirtschaft, 6. Jahrgang, 1908, 

pp. 235-241. 
KiENiTz, M.: Die Entstehung der "Markflecke," Bot. Centralblatt, Vol. 

XIV, 1883, pp. 21-26; 56-61. 



Digitized by VjOOQ IC 



38 ECONOMIC WOODS OF THE UNITED STATES 



BARS OF SANIO 

In radial and cfoss sections of the wood of all Gymnosperms 
it is not uncommon to find small bars stretched across the lumina 
of the tracheids from one tangential wall to another. Occasionally 
they appear in isolated tracheids, but usually traverse in the same 
direction the entire length of a long radial series (Fig. 12). While 
the most common form of bar is a simple cylinder slightly enlarged 
at the points of contact with the cell wall, they may occur as 



B 
A 

Fig. 12. — Bars of Sanio in Pinus murrayana (lodgepole pine). A, cross sec- 
tion showing tracheids with bars (tr.) crossing the middle row in tangential series; 
By radial section showing bars (tr.) which become wider in late wood. Magnified 
about 150 diameters. 

double bars or as constricted plates. These bars, which were 
first described by Sanio (loc. cit,), originate in the cambium and 
result from the partial resorption of folds in the cell wall. Their 
function is unknown. Owing to their general distribution through- 
out all species of Gymnosperms they are without taxonomic value. 
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TIER-LIKE ARRANGEMENT OF ELEMENTS 

There are numerous woods which present on longitudinal sec- 
tion (particularly the tangential) fine, delicate cross lines or stripes 
sometimes called "ripple marks." The distance between these 
markings varies from 0.11 to 0.50 mm., and is fairly constant 
for a species. On some woods {e,g,y Msculus octandraj Swietenia 
mahagoni, and Diospyros virginiana [Plate IV, Figs. 4, 5]), these 
lines are very clear and distinct to the unaided eye; on others 
(e.gr., Tilia americana, T. pvbescens, and T. heterophylla) they are 
near the limit of vision, or again, they are invisible without the 
lens. In most species showing these markings the feature is con- 
stant and of considerable importance for diagnostic purposes, 
though in a few species (e.g., Swietenia mahagoni) the same piece 
of wood may show the markings in one place and not in another. 

This cross-striping of a wood is due (1) to the arrangement 
of the rays in horizontal series, or (2) to the tier-like ranking of 
the wood fibres^ vessel segments, or other elements, or (3) to a 
combination of (1) and (2) (Plate IV, Figs. 4, 5). The lines 
resulting from the horizontal seriation of the rays is usually more 
conspicuous and of more common occurrence than those in (2). 
In the combination of the two forms, which is very common, the 
junction of the vessel segments or of the fibres is usually between 
the rays (Plate IV, Fig. 5). 

This peculiar arrangement of wood elements is also evidenced 
on cross section. Where the rays are in perfect horizontal 
seriation a section between two tiers shows an entire absence of 
rays. In most instances, however, it results in gaps of irregular 
width, depending upon the regularity of the stories. Where the 
rays are much wider near the middle than at the margin, their 
apparent width when viewed transversely will show considerable 
variation, according to the relative location of the plane of sec- 
tion. Where the fibres are arranged in tiers, their apparent size 
is affected in a similar manner. 
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GROWTH RINGS 

A tree increases in diameter by the formation between the 
old wood and the inner bark of new woody layers which envelop 
the entire stem and living branches. In cross section, as on the 
end of a log, these layers appear as concentric zones or rings 
(Fig. 1). The distinction between contiguous rings is due to 
structural peculiarities, augmented in some instances by local 
deposit of resin or pigment. Each ring consists of two more or 
less readily distinguishable parts, the inner, called early wood 
(spring wood), and the outer, or late wood (summer or autumn 
wood). 

In ring-poTous woods {Frontispiece; Plate III), such as QuercuSy 
Castaneay Fra^nus, and Robinia, the larger vessels become local- 
ized in the early wood, thus forming a region of more or less open 
and porous tissue, while the wood fibres preponderate in the late 
wood, thereby producing a much denser layer.* In other instances, 
as in Acer, Magnolia, ^sculus, and lAquidambar (Plate VI), where 
the vessels are fairly uniformly distributed — diffus^porous — ^the 
occurrence of growth rings may be due to one or more of the 
following conditions: (1) a gradual diminution in size of the 
vessels toward the periphery of the ring; (2) a decided reduction 
in number of the vessels in the late wood; (3) a change in kind of 
the wood elements, e,g,, where the outer layer of late wood consists 
wholly or chiefly of wood parenchyma or of tracheids; (4) increase 
in thickness of the wall of the wood elements near the limit of the 
late wood. 

In Gymnosperms where vessels are wholly absent growth rings 
are due to variations in the tracheids. Viewed in cross section 
the cells of early wood are relatively large, thin-walled, and more 
loosely aggregated; while those of the late wood are smaller, 
thicker-walled, closely packed together and very often radially 
flattened, presumably as a result of cortical pressure (Fig. 8; 
Plate II, Figs. 1 , 2, 4) . This transition from open to dense structure 
may be gradual, as in the soft pines, or very abrupt, as in many 
hard pines. Not infrequently the dense aggregation of cells 
involves a deepening of the color peculiar to the tissue as a whole. 
In any wood it is almost invariably the apposition of the more open 
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early wood to the face of the more compact late wood that serves 
to define the zones of growth. 

The origm of growth rings is physiological. Plants, like 
animals, seem incapable of indefinitely sustained activity, but 
require periods of recuperation. In latitudes of decided seasonal 
changes such periods of rest are provided by the alternation of the 
seasons, in which case the zones of growth correspond very closely 
with annual periods. This constancy of relation diminishes 
towards the equator and, although in the tropics growth rings are 
not uncommon, they provide no reliable index to the age of the 
tree. In temperate climates trees occasionally produce secondary or 
false rings, usually attributable to some disturbance of the normal 
course of growth of the season, such as the action of frost, drought, 
hail, and insect damages. Such rings, however, can usually be 
distinguished from annual rings by their less pronounced line of 
demarcation. 

Variation in width of different growth rings is common to all 
trees, and is determined by external conditions of light, heat, 
moisture, and available food-supply. The cross section of a stem 
presents in the variable form and size of its rings a history of its 
growth and nutrition. 

The breadth of an individual growth ring may not be imiform 
all roimd in consequence of imequal acceleration of the growth 
on different sides, the ring thus becoming undulating or eccentric. 
The growth centre is accordingly not coincident with the geometric 
centre. The more nearly erect the stem and the more nearly per- 
fect the crown, the more closely will the two centres coincide. In 
some species (e.gr., Carpirms carolirdana and Juniperus virginiana), 
irregularity of growth causes the trunks to become fluted or even 
deeply scalloped. 

The growth rings near the centre of a stem usually exhibit 
considerable difference in structure from those later formed. The 
elements are usually thinner-walled, of shorter length, and less 
densely aggregated, so that the inner core of wood is comparatively 
soft and weak. In the wood of Dicotyledons, although the elements 
characteristic of the species are all present, their characteristic ar- 
rangement does not appear clearly until later. This is particularly 
evident in the distribution of the vessels and wood parenchyma in 
many woods. Consequently, in the employment of these features 
for systematic purposes, it is important to use stems of consid- 
erable thickness rather than small branches or yoimg shoots. 
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In nng-porous woods of good growth it is usually the middle 
portion of the ring in which the thick-walled, strength-giving 
fibres are most abundant. As the breadth of the ring diminishes, 
this middle portion is reduced so that very slow growth (fine 
grain) produces comparatively light, porous wood composed 



Fig. 13. Fig. 14. 

Fig. lS.—-Qit€rcu8 macrocarpa (biir oak) : cross section through three entire 
growth rings showing very large pores in early wood and general absence of dense- 
walled wood fibres. Such wood is light, soft, and not strong. Magnified 20 
diameters. (From Bui. 102, U. S. Forest Service.) 

Fig. 14. — Qttercus macrocarpa (bur oak): cross section through one entire 
growth ring and parts of two others, showing comparatively small pores {v) in 
early wood (e. w.), and presence of abundant thick-walled wood fibres in the late 
wood (Z. w.). Such wood is heavy, hard, and strong. Magnified 20 diameters. 
(From Bui. 102, U. S. Forest Service.) 

mostly of thin-walled vessels and wood parenchyma (Figs. 13, 14). 
This explains why "second-growth" (i.e., rapidly grown) hickory, 
ash, and chestnut are stronger than the slowly grown "virgin'' 
stock of the same species. Moreover, in trees of this type there 
is less early wood formed at the base of a stem than farther up, 
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because growth begins considerably later at the base. The 
strongest, densest, and toughest timber is that grown in the open 
where conditions are favorable to rapid growth. 

In diflfuse-porous woods, such as Acer^ Betvlaj lAriodendronj \ 
and Fagus, there seems to be no definite relation between ring(j 
width and density. In Gymnosperms, as a rule, wood of medium 
to fine grain contains a greater proportion of late wood and con- 
sequently possesses greater weight and strength than when very \ 
fine or very coarse grained. 

In this connection the following statement of H. Mayr * is 
interesting: "Assuming identity of soil, the specific weight and 
hardness of wood decreases with distance from the optimum 
climate of its production both toward cooler or warmer climates. 
It is indifferent whether the annual zones consequently increase 
or decrease in breadth, or whether the wood is broadleaved or 
coniferous. Within the natural habitat of any tree the centre 
of its habitat produces the heaviest and hardest wood.'' 

Various theories have been advanced to explain the formation 
of early and late wood. Penhallow (following Sachsf) says that 
the elements of the early wood are "formed under a minimum 
tension in consequence of which they rapidly attain to relatively 
great size, and it is therefore found that the first tissue of the 
season is always most open. In consequence of the great excess 
of nutrition supplied during this period of growth, and the very 
rapid process of construction which follows, secondary growth 
of the walls is limited, and these structures remain thin, while the 
lumens are correspondingly large." 

- R. Hartig maintains that the thin-walled early wood is due 
to poorer nutrition and the necessity of forming conductive tissue, 
while thick-walled late wood results from better nutriment during 
the warm and sufficiently moist summer. Wieler, on the other 
hand, claims that the more unfavorable the conditions of nutri- 
tion, the slower the development of assimilating organs, hence the 
more late wood. 
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HEARTWOOD AND SAPWOOD 

The course of development of the various wood elements is 
fundamentally the same, viz., they are formed in the cambium, 
they increase in size, their walls thicken more or less, they function 
as living cells for A time, but eventually lose their protoplasmic 
contents and die. Their change from a living to a dead condition 
is ordinarily not followed by immediate decay, and the cells 
continue to perform the mechanical fimction of support. The 
parenchyma cells remain aUve for a longer time than the other 
elements. 

The outer layers of growth of a tree, especially one of con- 
siderable thickness, contain the only living elements of the wood 
and comprise the sapwood. There is usually a sharp line of 
demarcation between the living elements of the sapwood and the 
non-living elements of the heartwood, though the vigor of the 
living cells gradually wanes as their distance from the cambium 
increases. The thickness of sapwood varies widely in different 
species, in different individuals, in different portions of a single 
tree, and often on different radii of any particular section. Thin 
sapwood is characteristic of certain genera, for example Catalpa, 
Robiniaj Toxylon, Sassafras, Moms, Gymnocladus, JuniperuSy and 
TaxuSy while in others such as Hicoria, Acer, Fraxinus, CeUis, 
and Fagus, thick sapwood is the rule. 

The fact that sapwood occupies the peripheral layers of the 
stem causes it to form a considerable proportion of the volume. 
The percentage of sapwood to total volume of the stem is for 
certain species approximately as follows: Pirms palustris, 40; 
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P. heterophyllay 50; P. tceda, 55; P. strobics, 30; Tilia americana, 
65; Juniperusvirginiana, 25; Liriodendron tidipif era j 20; Quercus 
alba J 20; Robinia pseiulacacia, 12. 

In the same species there generally exists a constant relation 
between the crown space and the cross-sectional area of the 
sapwood in the stem. Rapidly growing trees and trees in the open 
have a larger proportion of sapwood than those of the same species 
growing in less open stands. In the latter case the number of 
rings in the sapwood is almost always greater. 

Heartwood in general is of a darker color than sapwood, due 
to the presence of gums, resins, and other substances. In some 
genera, however, there is little difference in appearance between 
these two portions, for example, in Nyssa, Ilex, Celtis, PopuluSy 
SaliXy Picea, AbieSy and Tsuga, 

Change from sapwood to heartwood is never accompanied by 
increased lignification. Deposition of large amounts of gum or 
resin materially increases the weight of the wood, and on that 
account in certain tropical species the heartwood averages fully 
one-third heavier than the sapwood. 

While physiologically heartwood is that portion of the woody 
cylinder which does not contain living elements, yet technically 
only discolored parts are so called, though it of course is without 
living elements. Branches form heartwood as soon as they cease 
to grow vigorously, no matter in what part of the crown they are 
located. In a whorl one branch may be practically all heartwood 
while none of the others shows any. 

Usually heartwood is conmiercially more valuable than sap- 
wood, partly on account of its color, but more especially because 
of its greater durability under exposure. In grading lumber 
sapwood is often considered a defect. Important exceptions are 
found in the use of paper birch for spools, hickory and ash for 
handles, spokes, etc., woods for manufacture of pulp, and timber 
to be impregnated with preservatives, where heartwood is con- 
sidered undesirable. 

The average thickness of the sapwood and the character of the 
demarcation between heartwood and sapwood are features fre- 
quently made use of in classification. 
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GRAIN AND TEXTURE 

Grain is a general term used in reference to the arrangement 
or direction of the wood elements and to the relative width of 
the growth rings. To have specific meaning it is essential that 
it be qualified. The kinds of grain commonly described are fine, 
coarse, even, uneven, rough, smooth, straight, cross, spiral, twisted, 
wavy, curly, mottled, landscape, bird^s-eye, gnarly, and silver. 

Coarse grain applies to woods of rapid growth, i.e., it denotes 
wide rings; fine grain, to woods of slow growth. Even and uneven 
apply respectively to regularity or irregularity of the growth rings; 
rough and smooth, to the manner in which wood works under tools. 
Straight grain, as applied to a tree, occurs when the wood ele- 
ments are parallel to the axis of growth; as applied to a board, 
when the radial and tangential planes of structure are parallel 
to its length. Sawn boards or timbers are often cross-grained 
eveH when cut from straight-grained logs while straight-grained 
pieces may be split from spiral-grained trees. The strength of 
a piece of timber, particularly iji bending, rapidly weakens as the 
plane of- its fibres deviates from a direction parallel to its length. 
On this accoimt split timber is usually stronger than when sawn, 
a fact made use of in wood-working. For instance, billets for 
handles and blocks for telegraph-insulator pegs are invariably 
split. 

It is not uncommon in any tree, and usual in many cases, for 
the wood elements to be arranged spirally about the central axis. 
The spiral may nm to the right or left, but the direction is usually 
fairly constant within a species. Various theories have been 
advanced to explain the phenomenon of spiral growth or torsion. 
The one most commonly accepted considers the obliquity of the 
fibres a method of accommodating the increase in length of the 
cells after their formation in the cambium. There seems to be 
ground for suspecting that wind may have an influence on this 
spiral development. For instance, trees of Larix americana have 
been observed which, though straight-grained while young, had 
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developed spirally twisted growth layers after the trees were 
thirty to forty years old, when, unprotected by associated trees, 
they were subjected to heavy winds. There is a further possibility 
that some species have an inherent tendency to develop twisted 
stems. In any event, when such stems are sawn the Imnber is 
cross-grained and usually imfit for use where strength is required. 
The extent of the defect depends upon the pitch of the spiral. 

When the elements interweave and are not constant in one 
general direction, wood is also said to be cross-grainedj though 
the term spiral grain or interlocked grain is more applicable. Often 
this condition does not interfere with tangential splitting. Wood 
with interlocked fibres is tough and not necessarily weakened, 
but always tends to warp and twist in seasoning. Examples occur 
in Nyssa, u^sculus, lAquidambar, and Eucalyptus, 

Wavy grain and curly grain result when the fibres imdulate 
but do not cross each other. When the undulations are large the 
grain is said to be wavy; when small, curly. Usually the waves 
are on the radial plane and tangential splitting produces a smooth 
surface, showing the grain to advantage. Such grain is common 
in Acer, ^Esculus, Fraxinv^, Prunus, and Betula. It is most 
common near the roots and at the insertion of large branches. 

Silver grain is produced by quarter-sawing timber in which 
the rays are sufficiently high to show readily on radial surface. 
The appearance of the rays adds very materially to the value of 
woods for cabinet work and furniture. Species which exhibit 
conspicuous silver grain are Quercus (all species, but particularly 
Q. alba), Platanus occiderdalis, Fagus americana, and to a less 
extent Acer saccharum, Prunus serotina, and Svdetenia mahagoni. 

Texture is a term which refers to the relative size, quality, «t 
fineness of the elements as affecting the structural properties of 
a wood. Like grain, it requires qualifying adjectives to attain 
specific meaning. The most common attributes of texture are 
fineness and coarseness, evenness and uneveimess. Coarse texture 
applies to woods with many large elements, or the average size of 
which is large, for example, Casianea, Gymnocladus, Sequoia. In 
fine texture the opposite condition prevails, as in Juniperus, 
^sculus, Salix, Populus. 

Even texture or uniform texture are terms used to describe 
woods whose elements exhibit little variation in size, for example, 
Taxodium (Plate II, Fig. 1), JuniperuS' (Plate II, Figs. 3, 4), 
Sequoia, Mscalus (Plate VI, Fig. 5). Uneven texture applies to 
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the opposite condition, such as is common in all prominently 
ring-porous woods (Frontispiece; Plate III), (e,g., QuercuSy Cas- 
taneay UlmuSy Fraxinus), and in other woods with decided differ- 
ences between early and late wood (e.g., Pinv^ palustriSy P. tceda, 
and Pseudotsuga), 

Texture and grain are terms very commonly confused in 
popular usage. The distinctions as above eicpressed will obviate 
the difficulty resulting from the attempt to make the term "grain" 
too comprehensive. 
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KNOTS 

Branches originate, as a rule, at the central axis of a stem and, 
while living, increase in size by the addition from year to year 
of woody layers which are a continuation of those in the stem. 
From this it follows that the form of the included portion or knot 
approaches that of a cone with its apex inward. 

During the development of a tree most of the limbs, especially 
the lower ones, die, but persist for a time — often for a great many 
years. Subsequent layers of growth of the stem are not intimately 
joined with the fibres of the dead limb, but are laid around its 
base. Hence dead branches produce loose knots which may drop 
out after the tree has been cut into lumber. 

The stubs of dead limbs that have broken ofiF are usually 
occluded by subsequent growth so that the outer surface of the 
bole is smooth or clear, especially toward the butt. The interior 
of all stems is more or less knotty, but in butt logs the knots 
are fewest and smallest. Sometimes knots enhance the value of 
timber for cabinet work and interior finish, by giving it a pleasing 
figure. Material cut near the junction of a large limb or at the 
base of a crotch usually exhibits very handsome grain. 

Knots materially affect checking and warping, ease in working, 
and cleavability of timber. They are defects which weaken timber 
and depreciate its value for structural purposes where strength is 
an important consideration. The weakening effect is much more 
serious where timber is subjected to bending and tension than 
where under compression. The extent to which a knot affects 
the strength of a beam depends upon its position, size, direction 



Digitized by VjOOQ IC 



ECONOMIC WOODS OF THE UNITED STATES 49 

of fibre, and condition. A knot on the upper side is compressed, 
while one on the lower side is subjected to tension. The knot, 
especially (as is often the case) if there is a season check in it, 
offers little resistance to tensile stress. Small knots, however, 
may be so located in a beam as actually to increase its strength 
by tending to prevent longitudinal shearing. Knots in a board 
or plank are least injurious when they extend through it at right 
angles to its broadest surface. Knots apparently have little 
effect on the stiffness of timber. 

"At the junction of limb and stem the fibers on the upper and 
lower sides of the limb behave differently. On the lower side 
they run from the stem into the limb, forming an uninterrupted 
strand or tissue and a perfect union. On the upper side the fibers 
bend aside, are not continuous into the limb, and hence the 
connection is imperfect. 

"Owing to the arrangement of the fibers, the cleft made in 
the splitting never runs into the knot if started on the side above 
the limb, but is apt to enter the knot if started below, a fact well 
understood in woodcraft." * 

Sound knots are as hard as, and usually considerably harder 
than, the wood surrounding them. In coniferous woods they are 
commonly highly resinous, and in finished lumber are apt, on that 
account, to fail to retain paint or varnish. When such trees 
decay the knots remain sound and are prized for fuel. In 
grading lumber and structural timber, knots are classified accord- 
ing to their character (sound, loose, encased), size {pin, standard, 
large), and direction of fibre (round, spike). 
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DENSITY AND WEIGHT 

Density of wood varies widely in different species, in diflferent 
individuals, and even in diflferent portions of the same tree. 
The specific gravity f of wood substance is about 1.6; hence the 

♦ Roth, loc. cU.y p. 23. 

t By specific gravity is meant the ratio of the weight of thoroughly dried 
4 
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reason any wood floats in water is because of the buoyancy of the 
air imprisoned in its elements and spaces. When this air is dis- 
placed by water the wood becomes "waterlogged," and will no 
longer float. The greater the proportion of cell wall the greater 
the density; consequently late wood is denser and of higher specific 
gravity than early wood, and the greater the proportion of late 
wood the denser the wood as a whole. Woods composed largely 
of thick-walled, narrow-lumined fibres are always dense and 
heavy. Other things being equal, the weight of wood is a good 
criterion of its hardness and strength. 

In practice the weight of wood is calculated from small, 
sound specimens which have been oven-dried at a temperature of 
100° C. (the boiling-point of water) until they reach a constant 
weight. Since weight is subject to wide variations, the single 
value usually assigned to a species is really the average of a large 
number of determinations and is applicable only in a general way. 
If a wood weighs less than thirty pounds per cubic foot it is con- 
sidered light; if between thirty and forty pounds, medimn light 
or medium heavy; and if more than forty poimds, heavy. 

The lightest wood in the United States is that of Leitneria 
floridana, the specific gravity of which is 0.21 for body wood and 
0.15 for root wood. The wood of Condalia ferrea has a specific 
gravity of 1.3; that of Gvmacum sanctum 1.14. From the inves- 
tigation of 429 American species, as published in the report of 
the Tenth Census of the United States, it appears that 242 species, 
including most of the commercial woods, lie between 0.45 and 
0.75 in specific gravity. 

TABLE III 

One Hundred and Fifty Trees op the United States Arranged in 
Order of the Average Specific Gravity of Their Dry Woods 
(Tenth Census). 



Species Sp. Gr, 

Condalia ferrea 1 . 30 

Guaiacum sanctum 1 . 14 

Quercus virens 95 

Quercus texana 91 



Species Sp. Gr. 

Quercus prinoides .86 

Quercus chrysolepis 85 

Hicoria alba 84 

Ostrya virginiana 83 



wood to an equal volume of water at its greatest density, which occurs at a 
temperature of 4° C. (39.2° F.). A cubic foot of pure water at this temperature 
weighs 62.355 pounds. Dividing the weight in poimds of a cubic foot of 
wood by 62.355 will give the specific gravity of the wood. 
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TABLE III— Continued 



Species 

Quercus agrifolia 

Hicoria glabra 

Comus florida 

Hicoria laciniosa 

Quercus michauxii 

Hicoria myristicsefonnis. 

Pinus serotina 

Diospyros virginiana .... 

Toxylon pomif erum 

Quercus laurifolia 

Prosopis juliflora 

Betula lenta 

Quercus imbricaria 

Pinus heterophylla 

Quercus prinus 

Ulmus alata 

Quercus phellos 

Quercus alba 

Quercus macrocarpa 

Ilex decidua 

Hicoria aquatica 

Larix occidentalis 

Quercus coccinea 

Robinia pseudacacia 

Quercus nigra 

Celtis occidentalis 

Carpinus caroliniana .... 

Swietenia mahagoni 

Ulmus racemosa 

Ulmus crassifolia 

Quercus aquatica 

Prunus americana 

Crataegus crus-galli 

Fraxinus quadrangulata. . 

Hicoria olivsef ormis 

Juniperus monosperma . . 

Fraxinus lanceolata 

Quercus velutina 

Pinus palustris 

Ulmus pubescens 

Quercus palustris 

Gynmocladus dioicus 

Acer saccharum 

Fagus americana 

Gleditsia triacanthos 

Betula lutea 

Fraxinus americana 



Sp.Gr. 



.83 
.82 
.82 
.81 
.80 
.80 
.79 
.79 
.77 
.77 
.77 
.76 
.75 
.75 
.75 
.75 
.75 
.75 
.75 
.74 
.74 
.74 
.74 
.73 
.73 
.73 
.73 
.73 
.73 
.72 
.72 
.72 
.72 
.72 
.72 
.71 
.71 
.70 
.70 
.70 
.69 
.69 
.69 
.69 
.67 
.66 
.65 



Species 

Quercus rubra , 

Ulmus americana 

Taxus brevifolia , 

Pinus edulis 

Magnolia grandiflora 

Nyssa sylvatica 

Taxus floridana 

Cupressus macrocarpa 

Fraxinus pennsylvanica 

Larix americana 

Acer rubrum 

Juglans nigra 

Pinus echinata 

Betula papyrifera 

Liquidambar styraciflua 

Morus rubra 

Castanea pumila 

Juniperus pachyphloea 

Prunus serotina 

Ilex opaca 

Juniperus occidentalis 

Betida nigra 

Betula populifolia 

Fraxinus oregona 

Platanus occidentalis 

Pinus monophylla 

Castanopsis cluysophylla . . . . 

Pinus aristata 

Juniperus utahensis 

Pyrus americana 

Pinus taeda 

Pinus balf ouriana 

Magnolia macrophylla 

Pinus inops 

Pinus jeffreyi 

Pseudotsuga taxifolia 

Pinus rigida 

Tumion taxifolium 

Sassafras sassafras 

Magnolia glauca 

iEsculus calif omica 

Juniperus virginiana 

Pinus resinosa 

Alnus oregona 

Cliamsec3rparis nootkatensis . . 

Tumion calif omicum 

Pinus ponderosa 



Sp. Gr, 



.65 
.65 
.64 
.64 
.64 
.64 
.63 
.63 
.63 
.62 
.62 
.61 
.61 
.60 
.59 
.59 
.59 
.58 
.58 
.58 
.58 
.58 
.58 
.57 
.57 
.57 
.56 
.56 
.55 
.55 
.54 
.54 
.53 
.53 
.53 
.52 
.52 
.51 
.50 
.50 
.50 
.49 
.49 
.48 
.48 
.48 
.47 
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TABLE III— Continued 



Species Sp. Gr, 

Abies magnifica 47 

Magnolia acuminata 47 

Populus grandidentata 46 

Cham8ec3rparis lawsoniana 46 

Picea nigra 46 

Abies nobilis 46 

Taxodium distichum 45 

iEsculus glabra 45 

Tilia americana 45 

Castanea dentata 45 

Catalpa catalpa 45 

Salix nigra 45 

Pinus flexilis 44 

Acer negundo 43 

Picea sitchensis 43 

iEsculus octandra 43 

Salix discolor 43 

Tilia heterophylla 43 

Tsuga canadensis 42 

Liriodendron tulipif era 42 

Abies amabilis 42 

Sequoia sempervirens .42 

Catalpa speciosa 42 

Pinus albicaulis 42 



Species Sp. Gr. 

Pinus coulteri 41 

Pinus murrayana 41 

Populus heterophylla 41 

Juglans cinerea .' . . .41 

Tilia pubescens 41 

Picea alba . ». 41 

Populus tremuloides 40 

Libocedrus decurrens 40 

Asimina triloba 40 

Alnus oblongifolia 40 

Pinus glabra 39 

Pinus monticola 39 

Pinus strobus 38 

Abies balsamea 38 

Populus trichocarpa 38 

Thuya plicata 38 

Pinus lambertiana 37 

Abies concolor 36 

Populus balsamifera 36 

Abies grandis 35 

Picea engelmanni 34 

Thuya occidentalis.«. 32 

Sequoia washingtoniana 21 

Leitneria floridana 29 
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WATER CONTENT OF WOOD 

Water occurs in living sapwood in three states, viz., (1) in 
the protoplasmic contents of the cells, (2) in the cell walls, and (3) 
as free water wholly or partially filling the lumina of cells, fibres, 
and vessels that have lost their contents. In heartwood water 
normally exists only in condition (2). In the fresh sapwood of 
Pinus strobusy which may be taken as fairly typical, water com- 
prises about half of the total weight and is distributed approx- 
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imately as follows: in contents of living cells, 5 per cent; satu- 
rating cell walls, 35 per cent; free water, 60 per cent. 

In a living tree the wood nearest the bark contains the most 
water. If no heartwood is present the decrease toward the pith 
is gradual; otherwise the change is quite abrupt at the sapwood 
limit. In Pinus palustris, for example, the weight of the fresh 
wood within an inch of the bark may be 50 per cent of water; 
that between one and two inches, only 35 per cent; that of the 
heartwood, only 20 per cent. The water content of any par- 
ticular section of a tree depends upon the amount of sapwood, 
and is therefore greater for the upper than for the lower portions 
of the stem; greater for limbs than bole; greatest of all in the 
roots. 

The water content of wood can readily be determined in the 
following manner: saw off a thin section of wood; weigh careful- 
ly on a delicate balance; dry in an oven at a temperature of 100° C. 
until a constant weight is obtained; reweigh. The difference 
between the fresh weight and the dry weight is the amount of 
moisture contained. Computed on a basis of the fresh weight, 

-D i. r • J. fresh weight — dry weight ,, -^^ 

Per cent of moisture = --^- ^^ ^— X 100. 

fresh weight 

Thus if the weight of the original block of wood was twice the 
final weight, there was as much water as wood; in other words, 
one-half, or 50 per cent, of the original weight was water. The 
figures in the preceding paragraph are on this basis. 
Computed on a basis of dry weight, 

T> i. f • X fresh weight — dry weight ,, -^^ 

Per cent of moisture = — X 100. 

dry weight 

In the problem cited above the loss of moisture was 100 per cent 
of the dry weight. This method furnishes a constant basis for 
comparison, while the other varies with every change in moisture 
degree. Subsequent references to the per cent of moisture will 
refer to computation on the basis of dry weight. 

It is impossible to remove absolutely all the water from wood 
without destroying the wood. Wood is considered thoroughly 
dried when it ceases to lose weight in a constant temperature of 
100° C, though it still retains 2 to 3 per cent of moisture, and 
if exposed to higher temperature will continue to give up water. 

Seasoning, which is essentially drying, adds appreciably to 
the strength, and, in slightly less proportion, to the stiffness of 
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wood. A piece of green spruce timber, for example, may become 
four times stronger when thoroughly dried.* This is an extreme 
case, however, and does not apply to large timbers where check- 
ing, which always occurs to some extent, may counterbalance 
partially or even entirely the gain in strength due to drying. 

In small forms of hardwood material, as implement and 
carriage stock, and in coniferous timber in some forms, as cross- 
arms for telegraph poles, thorough and uniform reduction of the 
moisture content produces a large increase in strength. In fact 
a comparatively weak wood may, when perfectly dry, be much 
stronger than a strong wood in a green condition. Consequently 
tests to determine the mechanical properties of wood must, to 
be comparable, take into consideration the moisture content of 
the specimens. By means of a great many tests the relation of 
the moisture degree to the mechanical properties can be approx- 
imated and coefficients or correction factors determined by which 
the strength value at any given water content can be reduced to 
a standard (usually 12 per cent) or other desired moisture degree.f 

Loss of water from cell Imnina alone does not affect the mechan- 
ical properties of wood. It is only when the cell walls begin to 
give up their water that increase in strength, stiffness, hardness, 
and resilience occur. Conversely, the absorption of water weakens 
wood only to the point where the cell walls become completely 
saturated. This critical point has been termed by Tiemann 
(loc, cit.) the fibre-saturation point. It varies with different treat- 
ments of the wood and imder different conditions. The water 
content at this point is greater in wood previously dried and 
especially in wood which has been subjected to high temperature 
than it is in green wood. The amount of moisture at the fibre- 
saturation point in green wood of various species has been found 
by Tiemann (loc. cit.) to be between 20 and 30 (average about 27) 
per cent. 

The water content of wood materially affects durability. 
Since decay is produced by fungi, and to a less extent by bacteria, 
both of which require considerable water for their development, 

♦ In comparing the strength and stiffness of wood in green and dry condi- 
tions, the fact should be borne in mind that, owing to shrinkage, dry wood is 
more compact and contains a greater amoimt of wood substance per unit of 
volume than green wood. 

t Such tables have been prepared for several of the commercial woods of 
the United States. (See Bui. 70 and Cir. 108, U. S. Forest Service.) 
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all that is necessary to render even the most perishable wood 
indefinitely immune from decay is to keep it dry. Wood con- 
taining not more than 10 per cent of moisture will not decay. 

Rate of seasoning differs with the kind of wood and with 
its shape. A thin piece dries more rapidly than a thicker one; 
sapwood more rapidly than heartwood; a light, open wood more 
readily than one that is dense and heavy. Large beams or logs 
are exceedingly slow in drying, requiring from two to several 
years' seasoning in the open air before reaching an air-dry condi- 
tion in the interior. Ties require from three months to a year 
to season, depending on the kind of timber and the climate. 
Much depends upon the method of piling, since boards in open piles 
often dry twice as fast as those in solid piles. 

As a result of numerous experiments by the U. S. Forest 
Service upon large beams of Pinus palustris and P. tceda, the 
following conclusions were reached (Bui. 70, p. 123): 

" (1) The drying-out process takes place almost wholly through 
the faces of the beam and not longitudinally, except near the ends. 

" (2) The ratio of evaporation through a surface is proportional 
to the rate of growth or density of the wood near the surface, 
being most rapid in the case of sapwood. 

" (3) If the whole stick is made up of heartwood or the pro- 
portion of sapwood is uniform throughout, the longitudinal dis- 
tribution of moisture is very regular. If the proportion of sap- 
wood is not uniform, on the other hand, the portion containing 
the most sap is the most susceptible to moisture influences; i.e., 
it will dry or will absorb moisture the most rapidly. 

"The average of two cross-sections of longleaf pine sticks, 
12 by 12 inches and 8 by 16 inches and 16 feet long, which were 
air-dried for two years, showed an average moisture content in 
the 'outer portion, cut halfway from surface to centre, of 17.7 
per cent, while the inner part contained 25.7 per cent. 

"From this it is quite evident that where timber of structural 
sizes is used, the strength ordinarily reckoned upon should not 
be greater than that of the green condition.'' 
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SHRINKAGE, WARPING, AND CHECKING 

The volume of wood is maximum when the cell walls are 
saturated with water. When this condition exists the presence 
or absence of free water in the cell cavities and the intercellular 
spaces does not affect the volume. When the cell walls begin 
to dry, they become thinner, but do not contract to an appreciable 
extent longitudinally. A dry wood cell is therefore of practically 
the same length as it was in a green or saturated condition, but 
is smaller in cross section, has thinner walls and a larger lumen. 
According to Nageli's hypothesis, the cell wall is composed of 
aggregations in crystalline form of minute parts or micellce. 
These micellcB are separated by films of water which become 
thinner as the wall dries and thicker as it swells. This shrinkage 
is roughly proportional to the thickness of the walls, and in con- 
sequence the denser woods or the denser portions of a wood 
shrink more than those less dense. 

Inasmuch as wood is not a homogeneous substance, but an 
intricate structure composed of cells exhibiting from moderate 
to extreme variation iu shape, size, thickness of walls, and more 
especially in arrangement, it follows that shrinkage cannot be 
uniform throughout any specimen. Late wood, being denser, 
shrinks more than early wood. The ray cells, with their longest 
diameters for the most part at right angles to the direction of the 
other elements, oppose radial shrinkage and tend to produce 
longitudinal shrinkage of wood. Only in the tangential direc- 
tion are these otherwise opposing forces parallel. For this reason 
as well as the fact that the denser bands of late wood are 
tangentially continuous, while radially they are separated by 
alternate zones of less dense early wood, wood usually shrinks 
more than twice as much tangentially than it does radially. In 
all cases, however, shrinkage parallel to the vertical axis is very 
slight, one-tenth to one-third of one per cent, and is maximum 
in woods with curly or wavy grain or with large or very abundant 
rays. 

The following table gives the results of a series of shrinkage 
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tests made by Mr. Hugh P. Baker at the Yale Forest School. 
The figures given represent the average shrinkage resulting 
from reducing green wood to a kiln-dry condition and are com- 
puted on the basis of the original measurements. 

TABLE IV 
Shrinkage op Wood along Different Dimensions 



Species. 


Length 


Radius 

% 


Diameter 

% 


Circum- 
ference 

% 


Area of 
cross 
section 

% 


Volume 

% 


Juniperus virginiana 

Castanea dentata 

Ouercus rubra 


0.32 
.25 
-.24 
.04 
.36 
.15 
.10 


2.7 
3.0 
3.7 
7.4 
2.9 
4.3 
6.1 


2.5 
3.2 
3.5 
7.5 
3.1 
4.8 
6.2 


. 5.6 
4.9 
8.2 
9.2 
6.9 
9.3 
11.5 


6.9 
11.2 
10.4 
19.4 

7.3 
12.6 
17.1 


5.9 


Hicoria alba 


19.8 


Juglans cinerea 


7.6 


Liriodendrontulipifera. . . 
Nyssa sylvatica 


13.7 
18.0 







Irregularities in shrinkage tend to cause wood to become 
distorted or warped. In woods with straight grain and uniform 
texture the tendency to warp is minimum imless the distribution 
of the moisture content is very unequal. Thus the upper surface 
of a green board exposed to the hot rays of the sun will dry much 
more rapidly, and therefore becomes shorter than the lower side, 
causing the board to curl up at the ends. Woods with interlaced 
fibres or with cross or spiral grain (e,g,, Nyssa, Idquidambarj 
Eucalyptus) always shrink unequally, and consequently require 
carefid handUng in drying to prevent serious deformation. Warp- 
ing due to unequal distribution of moisture may subsequently 
be overcome by thorough drying, but the deformation resulting 
from great irregularity of structure is usually permanent. 

In Fig. 15 is shown in somewhat exaggerated manner the 
deformation caused by the greater tangential shrinkage. The flat 
side of a log cut through the middle- becomes convex {A), Boards 
cut from half of a log assmne the form shown in (C), while a plank 
from the middle of a log becomes convex on both sides. This 
explains most of the difference in shrinkage of timbers and boards 
of different sizes, shapes, and manner of sawing (i.e., whether 
plain or quarter-sawed). 

When the strains due to unequal shrinkage can no longer 
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be accommodated by the plasticity of the wood substance, cracks 
or checks are formed. These are most common along the rays, 
since there the strains are greatest and most complex. However, 
when the strength of the rays is greater than the cohesive force 
of the cementing substance uniting the two layers of the primary 
cell wall, radial fracture passes through the median plane of the 
primary wall of the wood cells instead of along the ray. 

Variation in moisture content due to irregular drying results 
in checks, most of which are temporary, and as equilibrium 
becomes again established gradually close and become imper- 
ceptible. The more rapidly wood is dried, the greater is the 
tendency to check, for even if evaporation could be controlled 
so as to proceed uniformly throughout the specimen, the cells 
would not be given sufficient time to adjust themselves to the 




Fig. 15. — Effects of shrinkage. A, plank cut from middle of log (boxed 
heart), showing double-convex surfaces and large season check through upper 
half. B, log cut in half, showing the flat {surface becoming convex and the appear- 
ance of three large season checks. C, half of a log cut into boards showing warping. 

changed conditions. The presence of checks in wood, no matter 
how imperceptible, always impairs the strength of the material. 

If the outer portion of a piece of wood, especially hard wood, 
dries much more rapidly than the inner, a hard shell is formed 
on the outside, while the interior retains most of its original 
moisture. This condition is known as case-hardening. This dry 
shell resists the transpiration of the moisture from the interior and 
retards drying, besides increasing the strains on the fibres. When 
the interior finally dries, the internal strains frequently become 
so great that large checks open up, producing a honeycombed 
condition. 

Checks which result from greater shrinkage along the tangent 
than along the radius are permanent and increase in size as drying 
progresses (Figs. 1 ; 15 B). They cause serious difficulty in season- 
ing large timbers and especially material in the round, such as 
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logs, poles, and posts. If seasoned too rapidly hardwood timbers 
may split entirely open so as completely to destroy their value. 
In handling such material it is a common practice to forestall 
such checking by driving in /S-shaped metal wedges across the 
incipient cracks. Such damage can also be reduced by more 
careful piling and handling of the material. 
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HYGRQSCOPICITY 

Wood substance has the property of absorbing moisture from 
the atmosphere. When artificially dried wood is exposed to the 
open air it will increase in weight, due to the addition of hygro- 
scopic water. Although the amount of water thus attracted is 
always greater than in the surrounding air, it does not remain 
constant, but varies with the humidity, and is equal to 8 to 16 
(average 12) per cent of the dry weight of the wood. These 
variations are accompanied by proportionate changes in volume, 
that is, the wood alternately shrinks and swells, or *' works." 
Hygroscopicity can be reduced, but not entirely eliminated, by 
subjecting wood to boiling, steaming, prolonged soaking, or 
exposure to high temperature. 

This property of wood is a serious hindrance to its use in 
certain positions where exact fitting is permanently desired. 
Drawers and doors "stick" in damp weather, and become loose 
in dry weather, or when artificially heated and dried for con- 
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siderable time. Furniture, wainscotingf interior finish, and cabinet 
work may be badly damaged by prolonged drying, which opens 
up joints, loosens tenons, and causes veneers to separate from 
their backing. This property may be largely overcome by soaking 
wood in oil or coating the surface with paint, oil, or varnish, 
which excludes most of the air and moisture and keeps the con- 
dition of the wood uniform. Light, porous woods "work" less 
than dense woods. On account of their greater porosity and light- 
ness, slowly grown ring-porous woods (Fig. 13) shrink and swell 
less than specimens of the same species more rapidly grown 
(Fig. 14). 

The presence of natural oils, gums, and pigments such as are 
commonly found in the heartwood of many species usually reduces 
the hygroscopicity of woods. 
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PENETRABILITY 

In all green wood the cells are separated from each other by a 
thin membrane, the primary cell wall. The only important 
exceptions are the vessels between whose segments there is free 
commimication vertically. Vessels, however, like other cells, are 
separated from each other and from other elements by the primary 
wall. This wall ordinarily persists intact unless ruptured by 
parenchymatous outgrowths — tyloses. It is permeable by water 
and certain dilute solutions which filter through slowly, but is 
impervious to oils and resins. Gases can enter into living cells 
only by going into solution, and in that condition diosmosing 
through the cell wall. 

These facts have an important bearing on the process of 
impregnating wood with preservatives to prevent decay. It is 
not difficult to force gases or fluids through open vessels of green 
wood, but it is impossible to do so if they are plugged with tyloses. 
For example, it is very easy to blow through the vessels of green 
wood of most red or black oaks, even in pieces of considerable 
length. In green wood of the white oaks, on the other hand, 
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it is impossible to force any air through the vessels, even for short 
lengths and with very high pressure, since in this case they are 
blocked with tyloses. Even in the red or black oaks, however, 
air cannot be forced through the other elements of green wood. . 

When wood becomes dry its penetrability by both gases and 
liquids is increased to a remarkable extent. The same specimen 
of white oak which, while green, effectually withstood an air 
pressure of 150 pounds per square inch will, when dry, allow the 
passage of air, not only through the vessels, but also the other 
elements, under a pressure of 5 pounds per square inch or less. 
Similar effects are produced by drying any wood beyond its fibre- 
saturation point. This fact emphasizes the great importance of 
seasoning wood before attempting to impregnate it with pre- 
servatives. 

According to Tiemann (loc, cU,), the explanation of this 
is that the drying of the cell walls causes minute checks or slits 
to occur in the primary walls. The dryer the wood becomes the 
larger the slits and the more permeable the wood. These slits 
do not entirely close when the wood is resoaked, so that wood 
once dried cannot be restored to its original condition. 

Steaming is said to produce similar results, though the slits 
apparently are not as wide as when wood is air-dried. It is prob- 
able, however, that the maximimi amount of slitting would result 
from thoroughly drying wood that had been previously steamed. 
Boiling green wood in oil results in more or less seasoning of the 
outer portions, thus allowing some penetration by the oil. 

Dry woods, however, differ greatly in penetrability. Light, 
porous woods as a rule are much easier to impregnate than dense, 
compact ones. Heartwood of any species offers more resistance 
than the sapwood, due probably to the presence in the walls of 
gums, resins, and other infiltrations. Tyloses, which always 
reduce penetrability, are mostly absent from the outer portion of 
sapwood even when very abundant in the heartwood of the same 
tree. In the wood of Gymnospenns it appears that the wood- 
parenchyma cells are more penetrable than the tracheids. Open 
resin ducts permit the entrance of fluids into the body of the 
wood, behaving in a maimer similar to the vessels of Dicotyledons. 

The whole question of the penetrability of wood is extremely 
important in view of the increasing interest in timber preserva- 
tion, and comparatively little is definitely known regarding it. 
Experiments by the United States Forest Service are now in 
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progress which should add materially to the present knowledge 
of the subject. 
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CONDUCTIVITY 

Dry wood is a very poor conductor of heat, as is well illus- 
trated in its use for matches and as handles for utensils and tools 
subjected to various temperatures. Increase in density or in 
moisture content increases the conductivity of wood. Woods 
are most conductive in direction parallel to the grain and least 
so in radial direction, the ratio in some instances being as high 
as 2 to 1. The difference between radial and tangential direc- 
tions in this regard is slight, and is probably due to the fact that 
in a tangential direction the bands of the denser and therefore 
more conductive late wood are continuous, while radially they are 
interrupted by alternate bands of the less dense early wood. 

Wood in a dry condition is a non-conductor of electricity. 
Increase of water content reduces its value as an insulator. Light, 
porous woods are more resistant to the passage of electric currents 
than are dense woods; highly resinous woods, more than woods 
without resin, since resin and oil are poor conductors of electricity. 

Wood is a good conductor of sound, particularly in a longi- 
tudinal direction. The denser, the more uniform, and the dryer 
the wood the greater is its ability to transmit sound. Unsound- 
ness and decay materially reduce this property. 
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RESONANCE 

"If a log or scantling is struck with the ax or hammer, a 
sound is emitted which varies in pitch and character with the 
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shape and size of the stick, and also with the kind and condition 
of wood. Not only can sound be produced by a direct blow, 
but a thin board may be set vibrating and be made to give a tone 
by merely producing a suitable tone in its vicinity. The vibra- 
tions of the air, caused by the motion of the strings of the piano, 
communicate themselves to the board, which vibrates in the 
same intervals as the string and reenforces the note. The note 
which a given piece of wood may emit varies in pitch directly with 
the elasticity, and indirectly with the weight, of the wood. The 
abihty of a properly shaped sounding-board to respond freely 
to all the notes within the range of an instrument, as well as to 
reflect the character of the notes thus emitted (i.e., whether 
melodious or not), depends, first on the structure of the wood, 
and next on the uniformity of the same throughout the board. 
In the manufacture of musical instruments all wood containing 
defects, knots, cross grain, resinous tracts, alternations of wide 
and narrow rings, and all wood in which simimer and spring 
wood are strongly contrasted in structure and variable in their 
proportions are rejected, and only radial sections (quarter-sawed, 
or split) of wood of uniform structure and growth are used. 

"The irregularity in structure, due to the presence of relatively 
large pores and pith rays, excludes almost all our broad-leaved 
woods from such use, while the number of eligible woods among 
conifers is limited by the necessity of combining suflicient strength 
with uniformity in structure, absence of too pronounced bands 
of summer wood, and relative freedom from resin. 

''Spruce is the favored resonance wood; it is used for sounding- 
boards both in pianos and violins, while for the resistant back 
and sides of the latter, the highly elastic hard maple is used. 
Preferably resonance wood is not bent to assume the final form; 
the belly of a violin is shaped from a thicker piece, so that every 
fiber is in the original in as nearly an unstrained condition as possi- 
ble, and therefore free to vibrate. All wood for piusical instruments 
is, of course, well seasoned, the final drying in kiln or warm room 
being preceded by careful seasoning at» ordinary temperatures 
often for as many as seven years or more. The improvement of 
violins, not by age, but by long usage, is probably due, not only 
to the adjustment of the nimierous component parts to each 
other, but also to a change in the wood itself; years of vibrating 
enabling any given part to vibrate much more readily." * 

* Roth, F., Timber, Bui. 10, U. S. Div. For., pp. 24-25. 
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COLOR 

When wood is first formed it is almost, if not entirely, color- 
less, as may be observed in the outermost growth rings in any 
species. After a year or two it usually becomes yellowish, and 
still later when changed into heartwood a decided deepening of 
color results. Exceptions to this rule are rather nimierous, for 
example, Picea, Tsuga, Abies, Salix, Alnics^ Betula, Ilex, and 
Mscuhis exhibit little or no contrast in color between heartwood 
and sapwood. In All species the sapwood has a very limited 
range of color and shade, but the heartwood exhibits great varia- 
tion, from the chalky white of Ilex opaca to the ebony black of 
old Diospyros mrginiana, with practically all intermediate colors, 
shades, and tints. In many woods the demarcation in color 
between heartwood and sapwood is very sharp and distinct, while 
in others the transition is gradual. In some instances {e.g.. 
Sequoia, Ilex, Catalpa, Cladrastis lutea) the color is uniform, 
while in others {e.g., Liriodendron, lAquidambar, Swietenia) it is 
variable not only in different specimens, but in different portions 
of the same piece. The golden yellow of Toxylon shows narrow 
streaks of red; lAquidambar shows black streaks that usually give 
the finished lumber a handsome watered effect; Liriodendron 
varies from deep iridescent blue to yellowish brown; Robinia 
varies from light straw-colored to deep golden yellow hke Toxylon; 
Taxodium is sometimes nearly black, often yellowish, reddish, 
brown, or mottled. The deep-colored wood of Juniperus fre- 
quently exhibits streaks of white sapwood, the intermingling 
resulting from the fluted periphery of the stem. 

It is generally true that depth of color of woods is a criterion 
of durability. Thus the dark heartwood of Juniperus, Sequoia, 
Prosopis, Toxylon, Robinia, and Moras is very resistant to decay, 
while that of Salix, Popuhis, Tilia, JEsculus, Acer, Fraxinus, and 
Nyssa is perishable. The deeper color of the heartwood is due 
to the infiltration or deposition in the cell walls and lumina of 
gums, resins, pigments, tannin, and other substances. To these 
is ascribed the greater durability of wood, since sapwood is 
invariably not durable under exposure. In some instances, how- 
ever {e.g., ChanuBcyparis, Taxodium, Catalpa, Sassafras), the 
infiltrated substances tend to prevent decay without greatly 
deepening the color of the heartwood. 
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Color adds greatly to the value of wood for interior finish, 
cabinet work, marquetry, and parquetry. It is a very common 
practice to stain wood artificially. Light-colored and therefore 
less valuable wood of mahogany, such as commonly grows in the 
United States and Mexico, is often darkened; Ilex opaca is readily 
stained black to resemble ebony; Betula lenta, when properly 
stained, is a good imitation of mahogany; in fact, by the applica- 
tion of stains and finishes the variations in color and shade that 
can be produced in woods is practically unlimited. It is also 
possible by the introduction of certain chemicals to color the 
sapwood of a living tree. 

For some uses of wood lack of color is prized. This is especially 
true of pulpwood, since coloring matter, if present, must be 
bleached out. Color is also undesirable in certain grades of 
flooring. In handles and spokes dark color is considered a defect, 
since it indicates heartwood, which is usually (but erroneously) 
thought to be weaker than the colorless sapwood. 

All woods darken upon exposure to the atmosphere, probably 
due to the oxidation of the coloring matters. The rich golden 
yellow of Toxylon and Moras becomes a dark or russet brown; 
the sapwood of Alnus oregona turns reddish brown; Pimis monti- 
cola and P. strohus often become vinous red, especially near the 
end of an exposed piece of wood. On this account the natural 
color of a wood can only be seen on fresh-cut sections. Prolonged 
immersion in water causes wood to darken — some turning gray, 
others almost black. 

Some woods (e.g., Cladrastis liUea, Prosopis, Sequoia^ Jiiglans) 
impart color to water in which they are soaked. The color of 
many others can be removed by treatment with NaOH or other 
chemicals, but it is often necessary to reduce the wood to pulp 
before it can be bleached. Many tropical woods (e.g., Clorophora 
tinctoria, HcematoxyUm campechianum, Coescdpina, Pterocarpus) 
contain coloring principles of value in the arts for dyeing, though 
they have been largely superseded by aniline dyes. Of indigenous 
woods, Toxylon pomiferum and several species of Xanthoxylum 
are sometimes employed for this purpose, usually as adulterants 
of old fustic (Clorophora). 

Color is often of great assistance for diagnostic purposes, 

though the range of variation and diflSculty of description must 

always be taken into consideration. Unless otherwise stated, the 

colors mentioned in the key refer always to the fresh cross section 

5 
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of a piece of dry wood. The character of the demarcation in color 
between heartwood and sapwood, whetherj sharp or gradual, is 
often an important feature, though usually not exhibited on very 
small specimens. The character and amount of coloring matter ex- 
tracted by treatment with NaOH is sometimes made use of in 
identification. 

Abnormal discoloration of wood usually denotes disease. 
The black check in Tsuga heterophylla is the result of insect 
attacks. The reddish-brown streaks so common in Hicoria are 
mostly the result of injury by birds. The bluing of the sapwood 
of many soft woods is due to the attacks of fungi. Many fungi 
can be determined specifically by the characteristic color they 
impart to wood. 
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GLOSS OR LUSTRE 

Gloss or lustre of wood refers to the manner in which light 
is reflected by the wood elements. The fibres of the bast are 
more lustrous than the wood fibres. The fibre of flax is highly 
lustrous, while that of cotton is dull. Similar variation occurs 
in the elements of different woods. For example, the woods of 
Fagara, RhitSy and Toxylon are highly lustrous; those of Acer, 
Betula, and Robinia less so; while those of Juglans nigra , Sequoia j 
Fagits, and Plaianus are dull. The wood of Picea possesses a 
pearly lustre; that of Guaiacum and Taxodium is rather greasy 
or waxy. In some cases the lustre varies in different parts of 
the wood or on different planes. The late wood of Juniperus 
virginiana exhibits a frosted lustre on tangential surface. The 
rays on quarter-sawed wood of several species, particularly the 
oaks, are so lustrous in contrast to the other elements as to give 
rise to the term "silver grain," while the rays themselves are 
called '^mirrors.'' Woods with high natural lustre are usually 
capable of taking a high polish. Lustre is a sign of soundness 
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in wood, for incipient decay causes wood to become dull and 
'^dead." Sound wood in thin sections is translucent and exhibits 
double refraction. The presence of rosin in wood increases its 
translucency. 
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SCENT OR ODOR 

Every wood when fresh possesses in some degree a characteristic 
scent, though in a great many cases it is so weak or fleeting that 
it escapes notice. Odor depends upon chemical compounds {e.g,, 
ethereal oils and tannin) which form no part of the wood itself. 
Ordinarily it is more pronounced in heartwood than in sapwood. 
It is also greater in wood in a green condition than when seasoned, 
more evident on moist surfaces than on dry. Upon prolonged 
exposure to air, or when submerged in water, wood gradually 
loses its scent. In some cases the loss is complete throughout; 
in others only the outer portions are affected. Woods deriving 
their odors from the presence of ethereal oils, as is the case in 
many cedars, apparently may be kept indefinitely and still emit 
their characteristic odors when a fresh surface is exposed. 

Upon exposure to the air for a short time* some green woods 
(e.gf., Quercus) acquire a disagreeable, soured odor, probably due 
to the decomposition of certain organic compounds. Woods in 
process of decay emit various odors, sometimes very disagreeable 
{e,g., Pojyuhis), sometimes not unpleasant {e,g,j Quercus), but 
always different from the natural scent characteristic of the sound 
wood. 

The fumes of burning wood are occasionally characteristic. 
Resinous woods, as Pinics, give off an odor of tar. The woods of 
Juniperits virginiana and Chamcecyparis lawsoniana bum with a 
pungent, spicy scent, giving the latter a special value for match- 
sticks. The woods of Cerddium and Parkinsonia give off very 
penetrating, disagreeable fimies when burned, reducing materially 
their desirability for fuel. 

The scent of certain woods renders them commercially valuable. 
Cigars are believed to be considerably improved by being kept in 
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cedar boxes. The scent of cedar (Juniperus virginiana, Chamce- 
cyparis lawsoniana, and C. nootkatensis) is apparently disagreeable 
to moths and other insects, making the wood desirable for cabinets, 
wardrobes, chests, and drawers where furs and woolen clothes 
are kept. Cedar shavings are also employed for the same purpose. 
Loss of scent from the exposed surface of the wood soon seriously 
impairs the eflSciency of the wood for this purpose. For some 
purposes, especially as receptacles for wines, liquors, drinking- 
water, and oils, meats, fish, butter, and other foodstuffs, highly- 
scented wood is undesirable since it is apt to taint the 
contents. 

While scent is often a very valuable aid to the identification 
of wood, its utility is lessened by the difficulty and often impos- 
sibility of describing an odor so that one unfamiliar with it would 
be able to recognize it. Such descriptions are necessarily limited 
to comparisons with well-known scents which are usually inade- 
quate. The scent of the wood of Pinus is resinous or like tur- 
pentine; that of Juniperus and ChamoBcyparis thyaides aromatic, 
like cedar oil; that of Chamcecyparis nootkatensis, C. lawsoniana, 
and Lihocedrus decurrens spicy-resinous; that of dark-colored, waxy 
specimens of Taxodium, like rancid butter; that of Catalpa some- 
what like kerosene; that of Viburnum lentago and V. prunifolium 
very disagreeable and pungent. 

The following genera and species usually can be recognized 
by their odor alone: Juniperus, Chamcecyparis thyoides, C lawson- 
iana, Lihocedrus, Thuya, Tsuga canadensis. Sassafras, Viburnum, 
and Catalpa, With a keen sense of smell others may be recog- 
nized; for example. Pinups, Taxodium, Qaercus, Castanea, Ulmus, 
and Betula, Prominent among exotic species characterized by 
pronounced scents are the camphor trees (Cinnamomum camphora, 
Dryobalanus camphora, Camphora glanduliferum), Indian sandal- 
wood (Santalum album), and violet-wood (Acacia homophylla). 
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TASTE 

Wood substance itself, being insoluble in water or weak 
alkaline solutions, is necessarily tasteless. The characteristic 
taste of certain woods is due then to soluble substances deposited 
in the cell lumina or infiltrated into the cell walls. In any wood 
the most pronounced flavor is obtained from the sapwood; it 
is also more pronounced in green material than in dry. This is 
probably due to the fact that the substances giving wood its 
flavor were in solution or soluble form in the living sapwood. 
When submerged in water they may be leached out, and when 
exposed to air, oxidized. 

Taste is occasionally helpful in identifying woods, though, 
like odor, it cannot be described with accuracy. The wood of 
Libocedrus decurrens has a very spicy flavor; that of Pinus palus- 
tris terebinthic; that of Chamcecyparis lawsoniana spicy-resinous; 
that of Sassafras rather spicy. The wood of Castanea has no 
special flavor, but on account of the tannin in it, has an astringent 
effect on the mouth. 



LIST OF GENERAL CLASSIFICATIONS OF WOODS 

BouLGER, G. S.: Wood (2d edition, London, 1908), pp. 41-54. 
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lin, 1878), pp. 177-179. 
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PART II 

KEY TO THE ECONOMIC WOODS OF THE 
UNITED STATES 

I. Homogeneous or Non-porous Woods: Gymnosperms; 
Conifers; "Soft Woods" 

Vessels absent; wood composed mostly of tracheids uniform in 
structure and arranged in definite radial rows. Growth rings 
defined by the greater density of the late wood. Resin cells and 
resin ducts present or absent. Rays very fine, numerous, incon- 
spicuous. 

A Resin ducts, both vertical and horizontal, present. Rays with 
tracheids. 

1 With clear demarcation in color between heartwood and 
sapwood. 

a Resin ducts plainly visible to the unaided eye, numerous, 
often well distributed; tyloses present; epithelium thin- 
walled. Resin cells absent. Wood with characteristic but 
not always pronounced resinous odor. Pine.^ 

a* Little contrast between early and late wood. Wood soft 
to medium; only moderately resinous; texture uniform; 
color light or reddish, variable. Upper and lower walls 
of the few and small ray tracheids smooth (Figs. 4-5). 
Pits present on the tangential walls of the tracheids of 
the late wood. Soft Pine Group. 



Note. — The letters in parentheses following the specific names refer to 
the map (Plate I, Natural Forest Regions of the United States), and in- 
dicate in a general way the distribution of the species. 

(P), Pacific Coast Forest; (R), Rocky Mountain Forest; (N), Northern 
Forest, general; (L), Lake States Forest; (A), Appalachian Forest; (C), 
Central Hardwood Forest; (S), Southern Forest; (T), Tropical or Sub- 
tropical Forest; (n), north; (s), south. Where more than one region is 
indicated, the more important is placed first. 
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a^ Radial walls of each ray-parenchyma cell with 1-2 
large simple pits communicating with each adjacent 
wood tracheid (Fig. 4). Wood straight-grained; rate 
of growth widely variable. White Pine Group.^ 
Pimis strobus L. (N); monticola Dougl. (P); lam- 
bertiana Dougl. (P); flexilis James (P); albicaulis 
Eiig. (R, P); strobiformis Eng. (R). 

a' Color cream white to reddish brown. Texture fine. 
Resin ducts fairly conspicuous, appearing on longi- 
tudinal surface as straw-colored or light-brown 
lines. Without sugary exudations. Pits on lateral 
walls of ray-parenchyma cells large, 1-2 (mostly 1) 
per tracheid. White Pine. P. strcbua L. (N),^ 
monticola Dougl. (P). 

\P Color yellowish white to very light brown. Tex- 
ture comparatively coarse. Resin ducts conspic- 
uous, appearing on longitudinal surface as dark 
lines. Sugary exudations and sugar pockets 
common. Pits on lateral walls of ray-parenchyma 
cells comparatively small, 1-2 (mostly 2) per 
tracheid. Sugar Pine. P. lambertiana Dougl. (P) .* 

b^ The radial walls of each parenchyma cell with 3-6 
small semi-bordered pits commimicating with each 
adjacent wood tracheid (Fig. 5). Texture very fine. 
Wood cross-grained and of very slow growth. Pox- 
tail and Nut Pine Group. P. quadrifolia Pari. (P); 
cembroides Zucc. (R); edulis Eng. (R)^; monophylla 
T. & F. (R) ; balfouriana Murr. (P) ; aristata Eng.(P). 

b* Decided contrast between early and late wood. Wood 
very hard to rather soft; resinous; texture uneven; 
color variable, but mostly darker than in soft pines. 
Upper and lower walls of the small and numerous ray 
tracheids dentate or reticulate (Figs. 6, 7). Pits rarely 
present on tangential walls of the tracheids of the late 
wood. Pitch Pine Group. 

a^ The radial walls of each ray-parenchyma cell with 1-2 — 
large simple pits communicating with each adjacent 
wood tracheid (Fig. 6). Wood Ught, rather soft, 
fairly strong, medium-textured, not highly resinous. 
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Growth rings rather wide and uniform. Color light 
red. Sapwood thin. 

Norway or Red Pine. Pinus resinosa Ait. (L). 

b^ The radial walls of each ray-parenchyma cell with 3-6 
rather small simple pits communicating with each 
adjacent wood tracheid (Fig. 7). Hard Pine Group. 

a' Wood mostly heavy, hard, strong, rather tough; 
unevenly textured. Sapwood variable. 

Southern Pines.*" 

a* Wood usually extremely heavy and hard; very 
'resinous. 

a*^ Growth rings mostly narrow, uniform in 
width and outline. Color uniform, dark 
reddish yellow to reddish brown. Sapwood 
thin. Parts of wood often becoming "fatty" 
with resin. 
Longleaf Pine. P. palvstris Mill. (S).^ 

b*^ Growth rings mostly wide, variable. Dark 
straw-color with tinge of flesh-color. Sap- 
wood thick. 
Cuban Pine. P. heterophylla (Ell.) Sudw. (S). 

b* Wood of medium weight and hardness. Less 
resinous than in preceding. 

a*^ Growth rings mostly of medium width, but 
variable; often irregular in width and out- 
line. Wood rather variable; fairly hard and 
strong. Color whitish to reddish brown. 
Late wood dense. Sapwood widely vari- 
able; usually rather thick. 

Shortleaf Pine. P, echinata Mill. (S). 

b*^ Growth rings widely variable, often ex- 
tremely broad, irregular, somewhat double. 
Wood variable from somewhat hard, com- 
pact, and strong, to light, coarse, and 
brashy; late wood often not dense. 

* It is difficult and very often impossible to make specific distinctions 
in this group by macroscopic inspection, and the microscopic features so far 
recognized are of little assistance. 
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Color yellowish to reddish or orange brown. 
Sapwood very thick. 

Loblolly Pine. P. tceda L. (S).' 

b^ Wood comparatively light, soft, not strong, brittle. 
Texture usually coarse, occasionally medium to 
fine. Sapwood usually thick; rarely thin. P. 
murrayana "O. C.*' (R, P); ponderosa Laws. (R, 
P); radiata Don. (P)^; attenuata Lem. (P); sabi- 
niana Dougl. (P)^^; couUeri Lamb. (P); torreyana 
Parry (P); chihuahuana Eng. (R); arizonica 
Eng. (R) ; rigida Mill. (N) ; divaricata Ait. (N) ; 
pungens Michx. f. (N); clausa Sarg. (S); glabra 
Walt. (S); virginiana Mill. (C, S).'^ 

a* Tangential surface showing conspicuous "peb- 
bly" or "bird's-eye" grain. Resin ducts very 
small, scattering. Texture fine. Color light 
yellow or nearly white. Sapwood thin. Prop- 
erties of wood fairly uniform. Lodgepole 
Pine. P. murrayana "O. C." (R, P). 

b^ Tangential surface usually normal. Resin 
ducts comparatively large and numerous. Tex- 
ture medium to coarse. Color widely variable 
from pale lemon to orange brown. Sapwood 
thick. Wood variable from heavy, hard, and 
coarse to light, soft, fine, and non-resinous 
like white pine. Western Yellow Pine. P. 
ponderosa Laws. (R, P).^^ 

b Resin ducts mostly inconspicuous, not numerous, irregularly 
distributed or grouped; chiefly without tyloses; epithelium 
thick-walled. Resin cells inconspicuous, near the outer 
limit of the late wood. 

a^ Resin ducts very small, mostly invisible to unaided eye; 
roimd in cross section. Marked contrast in color be- 
tween heartwood and sapwood. Sapwood thin. Tra- 
cheids without spirals.* 

a^ Color yellowish brown. Texture medium. 

Tamarack. Larix americana Michx. (N). 

i — ' ' ~ "~ 

* The occasional occurrence of spirals in the tracheids of the late wood of 
Larix has been noted by Bailey, Bot. Gaz., Vol. XLVIII, pp. 47-55. 
6 
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b^ Color red to reddish brown. Texture coarse and 
harsh. Western Larch. L. occidentalis Nutt. (R). 

b^ Resin ducts somewhat larger, usually visible to unaided 
eye; oval in cross section. Sapwood rather thick. 
Spiral markings on the tracheids, at least in early wood; 
marginal ray tracheids with spirals. 

a^ Grain usually straight; sometimes wavy. Wood of 
two kinds: (1) growth rings narrow, wood reddish 
yellow in color and of fairly uniform texture; rather 
light and soft, easy to work. (2) Growth rings wide, 
wood dark red in color and of uneven texture; early 
wood open and weak, late wood flinty; difficult to 
work. 

Douglas Fir. Pseudotsuga taxifolia Brit. (P, R).^^ 

b^ Grain usually not straight; wood often cross-grained; 
color always red. Wood usually less dense, rays 
more numerous, and the pits on the ray-parenchyma 
cells larger than in the preceding. 

Red Fir. P. macrocarpa Mayr. (P). 

2 Without clear demarcation in color between heartwood and 
sapwood. 

a Resin ducts mostly small, scattered; epithelium thick- 
walled; tyloses often present. Resin cells absent. Tra- 
cheids without spirals.* Wood mostly light and soft, fine 
and even-textured. Spruce. ^^ 

a^ Color white or very light; uniform throughout. Little 
contrast in density between early and late wood. Resin 
ducts scarcely visible without lens, being of same color as 
surrounding wood. 

a^ Growth rings mostly wide.t 

White Spruce. Picea canadensis Mill. (N). 



* The sporadic development of wood parenchyma on the outer surface of 
the late wood, and the occurrence of spiral thickenings of the tracheids in 
both early and late wood of Picea have been noted by Bailey, loc. cU. 

t Owing to the fact that rate of growth is largely determined by external 
factors, any attempt to classify woods on a basis of width of ring is at best 
unsatisfactory and is resorted to here only because constant features of dis- 
tinction are apparently wanting. 
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b^ Growth rings of medium width, though often very- 
narrow near centre of tree. 

Red Spruce. P. rvbens Sarg. (N). 

c^ Growth rings mostly very narrow throughout. 

Black Spruce. P, mariana Mill. (N). 

b^ Color distinctly reddish, fading gradually outward. 
Moderate contrast in density between early and late 
wood; transition gradual. Resin ducts plainly visible 
to unaided eye, appearing on cross section as white dots 
against colored background. 

Sitka Spruce. P, sitchensis T. & M. (P). 

B Resin ducts normally absent; sometimes present as a result of 
injury, the vertical ducts arranged tangentially in a compact 
row (Fig. 10). Ray tracheids present or absent. 
1 With clear demarcation in color between heartwood and sap- 
wood. 

a Resin cells numerous, often conspicuous to unaided eye. 
Tracheids without spirals. Wood light and soft to moder- 
ately so; lustre dull. 

a^ Odorless and tasteless. Texture coarse and harsh. 
Sapwood thin, straw-colored to nearly white, often 
streaked with fine purplish lines of resin cells. Resin 
masses in resin cells appear (under lens) on longitudinal 
surface as rows of black or amber beads. Sequoia. ^^ 

a^ Wood deeply colored, purplish. Growth rings mostly 
very narrow. Texture fairly coarse. 

Big Tree. Sequoia washingtonianaSudw, (P).^* 

b^ Wood less deeply colored; Ught cherry. Growth 
rings variable from wide to narrow. Texture very 
coarse. Resin masses more prominent than in 
preceding. Redwood. S. sempervirensEngL (P)." 

b^ Odor aromatic, pungent. Texture fine to very fine. 
Sapwood white or nearly so, not streaked. Resin cells 
small, without bead-like appearance. 

a^ Growth rings uniform, usually rather wide ; late wood 
rather thin, but very conspicuous; rarely doubled. 
Resin cells fairly numerous, zonate, mostly in late 
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wood; usually not visible under lens. Rays 1-8, 
' mostly 3-5, cells high. Texture fine. Color pale 
reddish brown or roseate. Odor and taste spicy- 
resinous; characteristic. 
IncenBe Cedar. Ldbocedms decurrens Torr. (P).^^ 
b^ Growth rings usually very irregular in width and out- 
line; often eccentric;, late wood usually extremely 
thin, inconspicuous; very commonly doubled or 
trebled (Plate II, Fig. 4). Resin cells very numerous, 
deeply colored, visible under lens; mostly zonate 
(Plate II, Fig. 3), often giving rise to 1-3 tangential 
lines visible to unaided eye. Rays 1-20 cells high, 
very irregular. Texture very fine. Odor aromatic, 
characteristic. Taste not pronounced. 

Juniper; Cedar. ^^ 
a' Color deep reddish brown or purple, becoming dull 
brown upon exposure. Red Cedar. Juniperus 
virginiana L. (N, C)^^; Southern Red Cedar. 
barbadensis L. (S); scopulorum SsiVg, (R). 

b' Color pale to medium dark brown, usually tinged 
with red. J. ocddentalis Hook. (R); viahensis 
Lem. (R); pachyphlcea Torr. (Rs); monosperma 
Sarg. (Rs); calif omica Carr. (P). 

b Resin cells absent. Tracheids with spirals. Woods with 
high lustre. Odorless and tasteless. Texture fine, 
a^ Color reddish brown to rose red. Wood heavy, hard, 
strong, and elastic. Growth rings, variable; mostly 
eccentric; often sinuous. Yew. 

a^ Tracheids very small, thick-walled. Color bright 
orange or rose red; thin sapwood pale yellow. Taxus 
brevifolia Nutt. (P). 
b^ Tracheids larger, rather thin-walled. Color brown- 
ish red; thin sapwood nearly white. T, Jloridana 
Nutt. (S). 
b^ Color clear bright yellow. Growth rings imiform. 
a^ Wood light, soft, not strong. 

California Nutmeg. Tumion califomicum Greene (W). 
b^ Wood heavy, hard, strong. 

Stinldng Cedar. T, taxifolium Greene (S). 
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2 Without clear demarcation in color between heartwood and 
sapwood. 

a Heartwood little if any darker than the sapwood. 

a^ Ray tracheids present. Hemlock. 

a^ Wood harsh and splintery; often knotty and cup 
shaken; rather cross-grained and not easy to work. 
Contrast between early and late wood very decided 
(Plate II, Fig. 2) ; transition abrupt. Odor rancid. 
Color light brown with slight reddish hue. Resin 
cysts normally absent. 
Eastern Hemlock. Tsitga canadensis Carr. (N). 

b^ Wood rather soft, not splintery; usually clear, free 
from shake; straight-grained; easy to work. Con- 
trast between early and late wood less decided, and 
transition more gradual than in preceding. Odorless 
or somewhat sour. Color very pale brown with 
pinkish hue to late wood. Resin cysts often present. 
Western Hemlock. T, heterophylla Sarg. (P).^^ 

V Ray tracheids absent.* Pir.^^ 

a^ Wood light, soft, weak; growth rings often very 
wide. Color white or straw, occasionally pale brown 
in old trees. White and Balsam Fir Group. Abies 
fraseri Lindl. (S, A); Balsam Fir. balsamea Mill. (N); 
Alpine Fir. lasiocarpa Nutt. (R) ; Lowland Fir. grandis 
Lindl. (P); White Fir. concolor Parry (P); amabilis 
Forb. (P). 

b^ Wood moderately to very heavy, hard, and strong. 
Color brownish red in general appearance; early 
wood straw-colored; late wood and rays with reddish 
tinge. Red Fir Group. Noble Fir. A, nobilis Lindl. 
(P); Red Fir. magnifica Murr. (P). 

b Heartwood more deeply colored than the sapwood, fading 
gradually outward. 

a^ Odorless or slightly rancid; tasteless. Color widely 
variable; yellowish, reddish, brown, variegated or 

* The occasional occurrence of ray tracheids in Abies balsamea has been 
not«d by Penhallow, North American Gymnosperms, p. 253. 
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almost black. Wood variable from light and soft to 
moderately heavy and hard; often " pecky," i.e., 
riddled with fimgus galleries. Smooth smf ace of sound 
wood looks and feels greasy or waxy. Rays nmnerous, 
rather prominent; wholly without tracheids. Resin 
cells numerous and prominent; commonly zonate (Plate 
II, Fig. 1). Pits on wood tracheids very small, often 
irregulariy disposed; mostly in two rows. 

Bald Cypress. Taxodium distichum Rich. (S).^^ 

b* Odor resinous or aromatic; agreeable. Tasteless, or 
with marked resinous flavor. Wood very light and soft. 

a^ Great variation in depth of color between sapwood 
and heartwood, that of the latter varying from dark 
purplish brown to dark brown tinged with red; dark 
wood often streaked with lighter shades. Sapwood 
usually dingy white with light shades of brown inter- 
mingled. Lustre dull. Odor like oil of cedar; very 
mild. Tasteless or nearly so. Resin cells present, 
though often zonate in widely separated growth 
rings, thus often apparently absent. Rays rather 
narrow, somewhat prominent; without tracheids. 
Western Red Cedar. Thuya plicata Don. (P).^* 

b^ Moderate variation in depth of color between heart- 
wood and sapwood. Resin cells zonate or scattering. 

a' Color light clear yellow, uniform. Odor aromatic, 

resinous. Taste spicy, very characteristic. Wood 

light and soft to moderately heavy and hard. 

a* Ray tracheids present in low rays. Color very 

light. Texture very fine. Odor moderately 

pronounced. Yellow Cedar. ChavKBcyparis 

nootkatensis Spach. (P).^ 

b* Ray tracheids absent. Color somewhat deeper. 
Texture moderately fine. Odor very pro- 
noimced. 
Port Orford Cedar. C. lawsoniana Pari. (P).^* 

b' Color pale brown or reddish; intermingling of 
lighter and darker shades common (esp. in Thuya 
occidentalis) . Odor like oil of cedar, but very mild. 
No pronounced taste. Wood very light and soft, 
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usually spongy and difficult to cut smoothly 
across the grain. Rays without tracheids.* White 
Cedar. C. thyoides B. S. P. (N, S)'^; Arborvttae. 

Thuya occidentalis L. (N).^^ 

II. Heterogeneous or Porous Woods: Dicotyledons; 
Broadleaf Woods; Hardwoods 

Vessels present. Wood composed of three to six kinds of ele- 
ments not uniform in structure and rarely arranged in definite 
radial rows. Growth rings often defined by zonate arrangement 
of large pores in early wood as well as by the greater density of 
the late wood. Resin cells and resin ducts absent. Rays variable 
from very narow to very broad. 

A Ring-porous Woods. Pores in early wood zonate, large, and 
conspicuous, rarely small and inconspicuous; in late wood small 
or few and scattered. Rays uniseriate or widely variable. Tex- 
ture medium to very coarse. 

1 Pores in radial lines branching more or less toward the 
periphery of the growth ring; pores small to very small. 
Pores in early wood in one to several rows. Wood paren- 
chyma in fine tangential lines. 

a Broad rays absent; rays uniform, uniseriate, inconspicuous, 
5-15 cells high. Wood rather light, moderately soft, stiff 
but not strong. 

a^ Pores in early wood few, small, usually round or nearly 
so, and rather widely separated in a single row. Wood 
with roseate hue. Odorless and tasteless. 
Western Chinquapin. Castanopsis chrysophylla deC. (P). 

b^ Pores in early wood very numerous, usually oval or 
elliptical and in a wide zone. Color brown. Odor very 
mild. Astringent taste. Chestnut. Castanea dentata 
Borkh. (C, N)^^; Chinquapin Chestnut. jmmilaMiW, (S). 

b Broad rays present; intermediate rays mostly uniseriate, 
invisible without lens (Plate III, Fig. 1). Wood heavy, 
hard, strong. Odor characteristic. Oak."*^ 

* The occasional occurrence of ray tracheids in the low rays of C, thyoides 
has been noted by Penhallow, North American Gymnosperms, p. 232. 
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a^ Pores in early wood in few (1-3) rows, usually not 
crowded; transition to smaller pores of late wood 
abrupt. Pores in late wood very small, with thin walls 
and angular outlines (Plate II, Fig. 5); numerous, 
crowded, not open, appearing as irregular, grayish 
radial bands widening outward; tyloses abundant in all 
pores. Large rays often very high, maximum 5 inches. 

White Oak Group. 

9? Radial bands of small pores comparatively broad, 
more or less fan-shaped, often joined tangentially. 
White Oak. Quercus alba L. (C, N) (Frontispiece)^^; 
Bur Oak. macrocarpa Michx. (C, N) (Fig. 14) ; Post 
Oak. minor Sarg. (C, A, S) ; Chestnut Oak. prinus 
L. (N, Cy^; Overcup Oak. lyrata Walt. (C, S); 
Durand Oak. breviloba Sarg. (S). 

b^ Radial bands of small porfes comparatively narrow 
and seldom joined tangentially. Swamp White Oak. 
Q. platanoides (Lam.) Sudw. (N, C); Cow Oak. 
michauxii Nutt. (C, S). 

b^ Pores in early wood mostly in several (3-5) rows, 
crowded; transition to smaller ^ores in late wood 
gradual. Pores in late wood comparatively large, with 
thick walls and circular outlines (Plate II, Fig. 6); 
rather few, not crowded, open, usually visible to im- 
aided eye. Tyloses usually scarce or wanting, some- 
times abundant (esp. in Q, rnarilandica). Large rays 
comparatively low, rarely 1 inch high. 

Black or Red Oak Group.* 

a^ Radial bands of small pores comparatively broad, 
often branched. Pin Oak. Q, palustris Muench. (C); 
Water Oak. nigra L. (S, C) ; Shingle Oak. imbricaria 
Michx. (C, N) ; Spanish Oak. digitata Sudw. (S, C) ; 
Turkey Oak. catesbod Sudw. (S); marilandica 
Muench. (C, S). 

b^ Radial bands of small pores narrow, mostly un- 
branched. Red Oak. Q. rubra L. (C, N); Spotted 
Oak. texana Buckl. (C, S) ; Black Oak. velutina Lam. 

* For Evergreen Oak group see ''Diflfuse-porous Woods." 
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(C, N); Scarlet Oak. coccinea Muench. (C, N); 
Willow Oak. pheUos L. (S). 

2 Pores in late wood arranged tangentially in conspicuous 
festoons or concentric bands, usually continuous, wavy; 
the pores minute or small. Pores in early wood in single row 
or in zone of 2-3 (rarely more) rows. Wood parenchyma 
not in tangential lines. 

a Rays very distinct; the larger 6-8 cells wide and 30-50 
cells high, conspicuous; the smaller 1-2 cells wide and 6-10 
cells high, inconspicuous; heterogeneous. Heartwood 
apparently absent or imperfectly developed. Texture very 
coarse. 

a^ Color yellow or grayish yellow. 

Hackberry. CeUis ocddentalis L. (C, N, S). 

b^ Color yellowish green. 

Sugarberry. C. mississippiensis Bosc. (S). 

b Rays rather indistinct; the larger 3-5 cells wide and 15-30 
cells high, appearing much smaller than the larger rays of 
the preceding; the smaller uniseriate and 3-5 cells high; 
homogeneous. Heartwood distinct; color brown, often 
with reddish tinge. Texture medium to coarse. Elm. 

a^ Pores in early wood forming a broad tangential band of 
3 or more rows; pores targe, numerous, conspicuous. 
Texture coarse. Wood easy to split. (Inner bark thick, 
mucilaginous.) 

Slippery Elm. Ulrmis pvbescens Walt. (C, N, S). 

b^ Pores in early wood usually in a single tangential row; 
occasionally more in wide growth rings. 

a^ Pores in early wood large, forming a continuous row 
(Plate III, Fig. 2). Texture coarse. Wood difficult 
to split. Rather light. 

White Elm. U. americana L. (C, N). 

b^ Pores in early wood small to minute, the larger ones 
few and rather widely separated in a band of small 
pores. Texture medium. Wood hard. 

a^ Growth rings distinct. 

a^ Bands of small pores rather few; narrower 
than intervening spaces. Wood very hard, com- 
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pact. Fairly easy to split. Rock or Hickory 

Elm. J7. racemosa Thomas (C, N). 

b* Bands of small pores nmnerous; wider than 
intervening spaces. Wood moderately hard. 
Difficult to split. 

Winged Elm. U. alata Michx. (S, C). 

b^ Growth rings indistinct. Bands of small pores 
broad, very wavy, and branched. Wood hard. 
Difficult to split. 

Cedar Elm. U. crassifolia Nutt. (S). 

3 Pores in late wood small, distributed singly, in groups, or in 
mostly short, broken (occasionally continuous) more or less 
tangential lines. Rays fairly uniform, fine to minute. Wood 
parenchyma around pores or extending wing-like from pores 
in late wood, often uniting them into irregular tangential 
lines. Outer limit of growth ring consists chiefly or exclu- 
sively of wood parenchyma. 

a Pores in early wood very small, indistinct, rather widely 
separated in a single row. Wood very light, soft, weak, 
difficult to cut smoothly across the grain. 

Water Ash. Fraxinus caroliniana Mill. (S). 

b Pores in early wood large, conspicuous, usually in a rather 
broad zone 3-10, rarely 1-2, rows wide. 

a^ Rays narrow (1-5 cells), inconspicuous; almost invisible 
on cross section to unaided eye. Color pale or dull 
brown to nearly white; not very deep or striking. 

a^ Odorless and tasteless. Medium to very heavy and 
hard. Pores in late wood isolated, or in groups of 2-3, 
or united by wood parenchyma into mostly short 
tangential lines, especially in outer portion of growth 
ring. Color brown to white, sometimes with reddish 
tinge to late wood. Sapwood very thick, white. 
Demarcation in color between heartwood and sap- 
wood not clear. Rays homogeneous. Ash. 

a^ Pores in late wood usually joined tangentially by 
wood parenchyma. Wood very hard and strong. 

a* Pores in early wood in rather broad zone; 
numerous. 
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a^ Lines of pores in late wood short, narrow, 
composed of few open pores and considerable 
wood parenchyma; mostly near periphery of 
growth ring; occasionally absent or very 
indistinct in narrow rings. 
White Ash. Fraxinus americana L. (C, N). 

b^ Lines of pores in late wood long, narrow, 
prominent, composed of abundant wood 
parenchyma and inconspicuous pores; usu- 
ally well distributed. Blue Ash. F, quad- 
rangulata Michx. (C) ; Red Ash. pennsyl- 
vanica Marsh. (N). 

b* Pores in early wood in rather narrow zone; not 
numerous. Lines of pores in late wood quite 
long and conspicuous; well distributed. 
Green Ash. F, lanceolata BorHi. (C, N, S). 

b' Pores in late wood rarely joined by wood paren- 
chyma. Wood of medium hardness and strength. 

a* Pores in early wood in very broad zone, com- 
monly one-half the width of the growth ring. 
Pores in late wood isolated, few, large. Color 
dark brown. Wood comparatively soft and 
weak. Ray cells small. Black Ash. F, nigra 
Marsh. (C, N) (Plate V, Fig. 2). 

b* Pores in early wood in zone of medium width, 
commonly one-third the width of the growth 
ring. Pores in late wood in radial groups of 2-5 
and near periphery of growth ring somewhat 
tangentially grouped. Color light brown; sap- 
wood with reddish tinge. Wood harder and 
stronger than preceding. Ray cells large. 
Oregon Ash. F. oregona Nutt. (P). 

b^ Odor characteristic; somewhat resembling that of 
kerosene. Tasteless. Wood very light and soft. 
Pores in late wood in rather large groups and near 
periphery or growth ring in broad, comparatively 
short (sometimes continuous) tangential bands; in 
very wide rings pores often indistinctly grouped. 
Color light to medium dark brown, satiny; very 
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thin sapwood lighter. Demarcation in color be- 
tween heartwood and sapwood distinct. Rays het- 
erogeneous. Common Catalpa. Catalpa catalpa Karst. 
(C, S); Hardy Catalpa. speciosa Ward. (C).^^ 

b^ Rays narrow (1-3 cells), very fine but fairly distinct. 
Color light orange brown. 

a^ Odor aromatic or spicy, usually quite pronounced. 
Often with characteristic pleasant taste (most pro- 
noimced in inner bark). Wood light and soft. Pores 
in late wood in numerous small groups radially, and 
toward periphery of growth ring tangentially, elon- 
gated. Sapwood very thin, nearly white. Clear 
demarcation in color between heartwood and sap- 
wood. Occasional marginal cells very large, ovate or 
round; rays heterogeneous (Fig. 3, A).. 

Sassafras. Sassafras sa^safra^ Karst. (S, C).^* 

c^ Rays variable, but usually quite distinct, mostly 5-9 
cells wide. Color of wood variable, but usually deep and 
striking. 

a^ Color golden yellow to greenish brown; very thin 
sapwood white or greenish. Wood extremely hard 
(like horn), very heavy and strong. Texture fine. 
Vessels densely plugged with tyloses. Pores in eafly 
wood in. comparatively narrow zone, irregular, inter- 
spersed with abundant wood parenchyma. Pores in 
outer portion of late wood in large groups joined 
tangentially by wood parenchyma. Rays hetero- 
geneous. 

a.* Color always golden yellow, though darkening 
upon exposure; vertically streaked with narrow 
red stripes. Color slightly soluble in water. 
Lustre high. Wood tasteless. Rays fine, numer- 
ous, rather inconspicuous. Osage Orange. Toxy- 
Ion pamiferum Raf. (C, S) (Plate III, Fig. 4).^ 

b* Color varying from golden yellow to brown, often 
greenish, usually uniform in single specimen; 
rarely striped with red. Color of golden yellow 
wood readily soluble in water, wet wood giving off 
stain when applied to white paper or cloth. 
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Lustre not so high as in preceding. Taste of wood 
"leguminous." Rays variable from minute to 
medium, irregular, rather conspicuous. Black 
Locust. Robinia paeudacada L. (C, A) (Plate III, 
Fig. 3).^« 

b^ Color orange yellow to yellowish brown, becoming rus- 
set brown upon exposure; thin sapwood nearly white. 
Wood moderately heavy, hard, and strong. Texture 
coarse. Pores in early wood often in rather wide 
zone. Pores in late wood minute, in groups of 3-6; 
not joined by wood parenchyma. Tyloses present, 
fairly abundant. Rays very prominent on radial 
section, often high; heterogeneous. Odorless and 
tasteless. Red Mulberry. Moras rubra L. (C, S) 
(Plate V, Fig. 1). 

c^ Color light cherry red to reddish brown; thin to 
moderately thick sapwood greenish. Wood heavy, 
hard, and strong. Texture very coarse. Pores in 
early wood in broad zone. Tyloses absent or rare. 
Gummy substance in vessels. Odorless and tasteless. 
Rays mostly homogeneous. 

a^ Rays distinct, but not conspicuous; fairly imi- 
form; ray cells very~ small, uniform. Pores in 
outer portion of late wood small to minute, usually 
in groups of 5-20; rarely joined by wood paren- 
chyma into bands; individual pores visible under 
lens. Kentucky Coffee Tree. Gymnodadus 
dioicus Koch (C) (Plate III, Fig. 5). 

b^ Rays conspicuous; variable; ray cells com- 
paratively large, variable. Pores in outer portion 
of late wood minute; usually in groups of 10-25; 
often joined by wood parenchyma into short, 
wavy (sometimes continuous) tangential bands; 
individual pores mostly invisible under lens. 
Honey Locust. GUditsia triacanthos L. (C, S) 
(Plate III, Fig. 6). 

4 Pores in late wood isolated or fairly evenly distributed; not 
in groups or lines; comparatively large, often approaching 
in size those of early wood. Pores in early wood moderately 
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large, not abundant, usually in very irregular zone; in narrow 
growth rings rather diffuse. Rays fairly uniform, not con- 
spicuous, abundant. Wood parenchyma in fine tangential 
lines. 

a Wood elements in tier-like arrangement (Plate IV, Figs. 4, 
5), producing on longitudinal surface fine, wavy cross- 
markings readily visible to unaided eye. Lines of wood 
parenchyma indistinct, finer than the rays (Plate IV, 
Fig. 2). Crystals present, rather small; mostly in long 

. rows. Rays in stories; fairly uniform in height; 1-2 
(rarely 3) seriate; cells large (Plate IV, Fig. 4). Color of 
wood of old trees dark brown to black; thick sapwood 
(making up all or nearly all of young trees) yellowish, 
usually streaked with black. Wood fibres thick-walled. 
Wood very heavy, hard, and strong. Tyloses absent. 
Persimmon. Diospyros virginiana L. (S, C). 

b Wood elements not in tier-like arrangement. Lines of 
wood parenchyma as distinct as the rays. Crystals large; 
usually solitary. Rays irregularly disposed; not uniform 
in height or shape; 1-5 seriate; cells small (Plate IV, 
Fig. 3). Color of wood brown to reddish brown; thick 
sapwood white, often with dark reddish streaks. Tyloses 
present. Hickory.^^ 

a^ Wood very hard, heavy, tough, strong, resilient. Wood 
fibres very thick-walled. Shagbark. Hicoria ovcUa Brit. 
(C, N) (Plate IV, Fig. 3); SheUbark. ladniosa Sarg. 
(C); Mocker Nut. a»a Brit. (C, N, S); Pignut, glabra 

Brit. (C, N, S). 

b^ Wood hard, heavy, brittle, fairly strong. Wood fibres 

comparatively thin-walled. 

a^ Growth rings not clearly defined. Large pores not 
in well-defined zone; scattered; approaching diffuse- 
porous. Water Hickory. H, aquatica Brit. (S). 

b^ Growth rings clearly defined. Large pores in fairly 
well-defined zone, 1-several pores wide. Pecan. 
H, pecan Brit. (S, C); Nutmeg Hickory, myristicce- 
formis Brit, (S); Bittemut. minima Brit. (C, N, S). 

B Diffuse-porous Woods. Pores numerous; usually not prom- 
inent on cross section; diffused throughout growth ring instead 
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of collected in decided ring or zone in the early wood; occa- 
sionally more numerous and very often somewhat larger in the 
early wood. Growth rings principally defined by the greater 
density of the late wood or by the radial flattening of the 
outermost rows of wood fibres; often indistinct; sometimes 
absent. 

1 Growth rings absent or indistinct; when present not cor- 
responding to annual periods and not separable into early 
and late wood. 
a Broad rays present. 
a^ Color light to dark brown, sometimes tinged with red. 
Wood very heavy, hard, strong, and tough; not easy to 
work. Pores slightly variable in size; rather small but 
distinct, arranged in radial rows or groups usually con- 
tinuous from year to year. Large rays mostly rather 
low, broad; often appearing on tangential surface as 
aggregations of small rays interspersed with wood 
fibres. Evergreen Oak Group.^® 

a^ Wood parenchyma in very distinct tangentiar lines. 
Tanbark Oak. Quercus densifiora H. & A. (P)*^; 
hypoleuca Eng. (Rs). 

b^ Wood parenchyma not in tangential lines or, if so, 
not distinct. Live Oaks. Q. virginiana Mill. (S), 
chrysolepis Liebm. (Ps), agrifolia Nee. (Ps). 
b Broad rays absent. 

a^ Color rich reddish brown to light brown; widely vari- 
able. Wood variable from light and soft to very hard, 
heavy (sp. gr., .56-.88), and strong; brittle; often 
highly figured. Pores uniform in size, rather large and 
conspicuous, equally distributed, solitary or in radial 
groups of 2-3; often filled with dark-red resin. Rays 
fine but distinct, producing silver grain on radial surface; 
deeply colored; heterogeneous; often in horizontal 
seriation producing rather undulating cross lines on 
tangential surface. Wood parenchyma in rather widely 
separated conspicuous tangential lines, limiting growth 
rings. Mahogany. Swietenia mahagoni Jacq. (T).*^ 

b^ Color dark yellowish brown with decided greenish tinge, 
often streaked; nearly black in old trees. Wood ex- 
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ceedingly heavy (sp. gr., 1.14), harder than horn, 
strong, brittle, cross-grained, very difficult to work. 
Pores somewhat variable in size, small and inconspic- 
uous, scattered, solitary; usually filled with dark-green 
resin. Rays very fine, uniseriate, deeply colored, almost 
invisible; in perfect horizontal series, producing cross 
lines very distinct imder lens. Wood parenchyma in 
numerous, fine, wavy tangential lines. 

Lignumvitse. Guaiaaam sanctum L. (T). 

c* Color light brown or straw. Wood very hard (sp. gr., 
.83), heavy, tough, and strong like hickory; fibres much 
interlaced; wood rather difficult to work. Pores variable 
in size, conspicuous, irregularly distributed in wavy lines 
or groups, open. Alternate bands of very dense and less 
dense wood produce zones somewhat resembling annual 
rings. Rays very fine, not deeply colored, almost 
invisible; irregularly distributed. Wood parenchyma 
not in tangential lines. 

Blue Gum. EvmLyptus globulus Lab. (Ps, T).^^ 

2 Growth rings usually distinct, corresponding to annual 
periods; late wood recognized by its greater density, tan- 
gential flattening of the outermost rows of fibres, and some- 
what fewer or smaller pores. 

a Pores comparatively large in early wood, distinct to unaided 
eye, diminishing in size and number toward periphery of 
growth ring; often approaching ring-porous. 

a^ Rays fine, 1-4 seriate, few to 30 cells high, scarcely 
visible to unaided eye; mostly homogeneous. Pores 
solitary or in radial groups of 2-5; often in diagonal 
rows. Vessels without spirals; tyloses present, very 
dark-colored. Wood parenchyma in numerous, very 
fine, short, tangential lines; chambered cells bearing 
crystals common (Plate IV, Fig. 6). 

a^ Wood heavy and hard, moderately stiff and strong. 
Odor mild, but characteristic. Color rich dark or 
chocolate brown. Sapwood rather thin to thick. 
Black Walnut. Juglans nigra L. (C, A).' 
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b^ Wood light, soft, not strong. Odorless. Color light 
chestnut brown with dark tangential zones. Sap- 
wood very thin. Butternut. J. cinerea L. (C, N).*^ 

b Pores very small to minute, indistinct, usually fairly uni- 
form in size and distribution throughout growth ring. 

a^ With conspicuously broad rays. 

a^ Broad rays rather few, appearing as aggregated small 
rays (Plate V, Figs. 3, 4). Wood without "silver 
grain.*' 

a^ Broad rays grouped, confined to short radii. Inter- 
mediate rays abundant, very fine, indistinct, 
irregular. Wood parenchyma in indistinct tan- 
gential lines. Pores in early wood in irregular 
groups which appear to unaided eye as white dots; 
not crowded; arrangement somewhat obliquely 
radial; pores fewer and smaller in late wood. 
Vessels with spirals. Growth rings decidedly un- 
dulating. Color yellowish white. Wood heavy, 
hard, very tough, difficult to split. 
Blue Beech. Carpinus caroUniana Walt. (N, C).** 

b^ Broad rays distant, fairly evenly distributed. • 
Intermediate rays very numerous, uniseriate, in- 
visible to unaided eye. Wood parenchyma not in 
tangential lines. Pores more numerous in early 
wood, showing slightly radial arrangement; some- 
what crowded. Vessels without spirals. Growth 
rings not undulating or only slightly so; not very 
clearly defined. Color light brown tinged with 
red; exposed surface of lighter colored sapwood 
soon stained reddish brown upon exposure. Wood 
light, soft, moderately strong, brittle. Red Alder. 
Alnus (xregona Nutt. (P) (Plate V, Figs. 3, 4).*^ 

b^ Broad rays numerous, non-aggregated. Wood with 
conspicuous "silver grain" on radial surface. 

a* Rays practically all broad, mostly 10-15 cells; 
abundant; fairly regularly disposed; of deeper 
color than surrounding tissue, producing very con- 
spicuous "silver grain"; homogeneous. Wood 
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parenchyma in indistinct tangential lines. Pores 
crowded. Color light brown, often with dark 
stripes or "feather grain.'' Wood medium to 
heavy, moderately hard, usually cross-grained, 
difficult to split. Sycamore or Buttonball. Pla- 
tanus ocddentalis L. (C, N, S), racemosa Nutt. 
(Ps), wrightii Wats. (Rs). 

b' With only part of the rays broad; variable; 
irregularly distributed; intermediate rays visible, 
mostly uniseriate; heterogeneous. " Silver grain'' 
less conspicuous than in preceding. Wood paren- 
chyma in indistinct tangential lines. Pores 
crowded. Color pale reddish brown to white with 
reddish tinge; uniform. Wood heavy, hard, 
strong, usually fairly straight-grained. 

Beech. Fagus americana Sw. (C, N, S). 

V Without conspicuously broad rays. 

a^ Rays very distinct; variable, 1-7 cells wide. 

a^ Wood fibres with spirals. 

a* Color chalky white. Pores irregularly distrib- 
uted in long radial lines. Vessels with spirals; 
perforations scalariform. Rays colorless; hete- 
rogeneous. Wood parenchyma not in distinct 
lines. Wood of medium weight, hard and 
tough. Holly. Ilex opaca Ait. (S, C). 

b' Wood fibres without spirals. 

a^ Wood parenchyma not in tangential lines. 
Vessels with spirals; perforations simple. 

a^ Color rich reddish brown or vinous. Pores 
numerous, solitary, or in groups, often radial, 
of 2-6; usually more abundant in early wood, 
producing a light-colored line of demarcation 
between growth rings. Vessels plugged at 
intervals with dark red gum. Rays mostly 
3-5 cells wide, occasionally uniseriate; few 
to 100 cells high; producing fine but con- 
spicuous "silver grain" on radial surface. 
Wood moderately heavy, hard, and strong. 
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Black Cherry. Prunus serotina Ehrh. (C, 
N, S). 

b^ Color light brown tinged with red to decid- 
edly reddish. Pores not crowded, fairly 
evenly distributed; solitary or in radial 
groups of 2-3. Rays with considerable red 
color; homogeneous. Grain often curly, 
*' landscape,'' or ''bird's-eye." Maple.^^ 

a® Part of the rays comparatively large, 5-7 
cells wide, broader than the pores; high, 
conspicuous. Intermediate rays mostly 
uniseriate. Pith flecks rare. Growth 
rings very distinct. Wood very heavy, 
hard, and strong. Sugar Maple. Acer 
saccharum Marsh. (N, C); Black Maple. 
nigrum Michx. (N, C). 

b* With less variation in size of rays, the 
large ones not as broad as the pores; low, 
inconspicuous; few imiseriate rays. 
Growth rings often indistinct. 

a^ Color deep and rich. Pith flecks un- 
conmion. Wood fairly heavy, hard 
and strong. A, macrophyllum (P). 

b^ Color pale. Pith flecks very common, 
often abundant. Wood rather light, 
soft, fairly strong. Red Maple. A. 
rvbrum L. (N, C, S); Silver Maple. 
saccharinum L. (N, C, S). 

c^ Color creamy or yellowish white, without 
reddish tinge. Pores very small and numer- 
ous; often in radial groups of 2-6. Rays 
without color; finer and more numerous 
than in preceding. Wood light, soft, not 
strong. Otherwise as in preceding. Box- 
elder. A, negundo L. (N, C, S, R), negundo 
califomicum Sarg. (Ps). 

b* Wood parenchyma in somewhat broken tan- 
gential lines, scarcely visible with lens. 
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a^ Wood elements not in tier-like arrangement. 
Vessels without spirals; perforations scalari- 
form; often with scalariform bordered pits. 
Rays light red or pink in color; hetero- 
geneous. Color pale reddish brown or pink- 
ish, sometimes with greenish hue. Wood 
very heavy, hard and tough. Dofifwood. 

a^ Rays 1-7 cells wide, few to 80 cells high. 
Cornus florida L. (N, C, S). 

b^ Rays smaller, 1-4 cells wide, few to 40 
cells high. C. nuttaUii Aud. (P). 

b^ Wood elements (except rays) in tier-like 
arrangement, producing somewhat indistinct 
cross-markings on longitudinal surface. Ves- 
sels with spirals; perforations mostly simple; 
bordered pits not scalariform. Rays color- 
less, widely variable in size; small rays uni- 
seriate, 10-15 cells high; large rays, 3-5 
cells wide, 50-100 cells high; homogeneous. 
Color light brown to nearly white. Wood 
light, soft, compact, moderately strong. 
BasBWOod.^^ Tilia americana L. (N, C), 
pvbescens Ait. (S, C), heterophylla Vent. 
(A, C, S). 

V Rays distinct; fairly imiform in width, 1-3-seriate. 

a^ Wood with straight grain, usually light and soft, 
easy to work. Wood fibres with rather thin walls, 
usually rounded; not in radial rows. Pores 
crowded; tyloses absent. Outer limit of growth 
ring composed of 2-A rows of tangentially flattened 
wood-parenchyma fibres with very thick radial 
walls. Rays heterogeneous. 

a* Vessels with round or elliptical bordered pits; 
without spirals. Pores rarely in radial grbups. 
Rays mostly 3-seriate, few to 60, mostly 20-40, 
cells high. Texture fine. Color variable from 
deep iridescent blue to the more common yel- 
lowish brown; often striped. Yellow Poplar or 
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Tulip-tree. Liriodendron tulipifera L. (C, N) 
(Plate VI, Figs. 2, 4).« 

b* Vessels with abundant scalariform bordered 
pits (Plate VI, Fig. 3); with spirals, though 
often indistinct. Pores often in radial groups 
of 3-8. 

a^ Rays crowded on cross section, conspicuous; 
2-3-seriate, mostly 50-100 cells high. Pores 
very crowded. Texture coarse. Color light 
brown. 

Sweet Bay. Magnolia glauca L. (S). 

b^ Rays not crowded on cross section, incon- 
spicuous; nearly always biseriate and usu- 
ally 10-15 cells high. Pores moderately 
crowded. Texture fine. Color usually as 
in lAriodendron. Cucumber Tree. M. 
acuminata L. (C, A) (Plate VI, Fig. 3). 

V Wood with cross or interlocked grain, rather 
heavy, moderately hard, difficult to work; fine- 
textured. Wood fibres with thick walls, mostly 
square; in rather definite radial rows. Pores 
very numerous, uniformly distributed. Vessels 
rather sparsely pitted, often with scalariform 
bordered pits; spirals confined to constricted ends 
of segments, inconspicuous; tyloses present. 
Wood-parenchyma fibres few, scattered. Rays 
heterogeneous; very fine, 1-2-seriate, few to 30 
cells high; resinous. Color reddish brown, 
usually with irregular dark streaks producing 
"watered" effect on smooth longitudinal surface. 
Red or Sweet Gum. Liquidambar styradflua L. 
(C, S) (Plate VI, Fig. 1).« 

c* Rays mostly indistinct to imaided eye, variable, 1-7- 
seriate. 

a^ Pores comparatively few, widely variable in size, 
mostly in irregularly branching radial lines; near 
periphery of growth ring minute and in groups 
which appear to unaided eye as white dots. Ves- 
sels with numerous, rather large bordered pits; 
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with spirals; perforations simple. Rays 1-2, occa- 
sionally 3, seriate; few to 20, occasionally 40, 
cells high. Wood parenchyma in indistinct tan- 
gential lines barely visible with lens. Growth 
rings sinuous, quite distinct. Color light brown; 
sapwood with pinkish hue. Wood very heavy, 
hard, tough, difficult to split. Hornbeam. Ostrya 
virginiana Koch. (N, C) (Plate V, Fig. 6). 

b' Pores numerous, fairly uniform in size and dis- 
tribution throughout growth ring, solitary or in 
radial groups of 2-6. Vessels without spirals; 
perforation scalariform. Rays variable. Growth 
rings regular in outline. 

a* Wood straight-grained, fissile, easy to work. 
Growth rings usually distinct. Vessels densely 
pitted with extremely small bordered pits with 
slit-like openings. Rays homogeneous. Wood 
parenchyma scattered, sometimes in broken 
tangential lines in outer late wood. 

a^ Rays 1-5-seriate, occasionally wider. Pores 
usually distinct to unaided eye. 

a* Wood heavy, hard, and strong. Pores 
moderately abundant. Wood fibres with 
thick walls. Rays widest of genus, deeply 
colored. Pith flecks rare. Color brown 
tinged with red, often deep and hand- 
some. Sweet, Black, or Cherry Birch. 
Betula Unta L. (N, C) (Plate V, Fig. 5). 

b* Wood rather light and soft, moderately 
strong. Pores very numerous, larger 
than in preceding. Wood fibres with 
rather thin walls. Pith flecks conmion. 
Color brown. Red or River Birch. B, 
nigra L. (S, C, N). 

b^ Rays 1-2, sometimes 3, seriate. Pores very 
small, indistinct to unaided eye. 

a® Wood rather heavy, hard, and strong. 
Pores moderately abundant. Sapwood 
thin, light brown or yellowish. Pith 
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flecks rare. Yellow Birch. B, lutea 
Michx. f. (N, C). 
b^ Wood light and soft, not strong. Sap- 
wood thick, white. Pith flecks usually 
abundant. Paper Birch. B. papyrifera 
Marsh. (N, Rn, Fn).^ Gray Birch. 
popuUfolia Marsh. (N). 
b* Wood cross-grained, tough to split, difficult to 
work. Growth rings usually indistinct. Ves- 
sels sparsely to densely pitted with moderately 
large bordered pits sometimes scalariform. 
Rays heterogeneous; 1-5 cells wide, few to 40 
cells high. Wood parenchyma mostly around 
vessels, not in tangential lines. Color brown 
to nearly white. 

a^ Rays mostly 1-2-seriate (sometimes wider). 
Pores numerous, usually evenly distributed, 
•a® Pores of medium size. Wood fibres with 
rather thin walls and large lumina. Wood 
light (sp. gr., .54), soft, not strong. 
Tupelo. Nyssa aquaiica L. (S, C).^^ 
b® Pores small. Wood fibres with thick 
walls and small lumina. Wood com- 
paratively heavy (sp. gr., .64), hard and 
strong. Black Gum. N. sylvatica Marsh. 
(C, N, S). 
b^ Rays mostly 3-4-seriate. Pores compar- 
atively large, not very numerous, unevenly 
distributed. Wood fibres with thin walls 
and large lumina. Wood light (sp. gr., .53), 
soft, not strong. 

Sour Tupelo. N, ogeche Marsh. (S). 

d^ Rays very fine, indistinct, uniseriate. 

a' Growth rings limited by 1-2 rows of thin wood- 
parenchyma fibres. Pores very nmnerous. Ves- 
sels densely pitted; perforations simple. Wood 
light and soft. 

a* Rays distinct under lens, mostly 10-12 cells 
high. Pores minute, invisible to unaided eye. 
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mostly solitary, uniformly distributed. Vessels 
with spirals. Color pale yellow to nearly 
white. Lustrous. Texture very fine and uni- 
form. Grain often wavy and somewhat inter- 
locked. 

a^ Wood elements (including rays) in tier-like 
arrangement, producing very distinct trans- 
verse lines on longitudinal surface. 
Buckeye. MscuIils odandra Marsh. (C).^^ 

b*^ Wood elements not in tier-like arrangement. 
Ohio Buckeye. A. glabra WiM, (C) (Plate 
VI, Figs. 5, 6) ; California Buckeye, calif or- 
• nica Nutt. (Ps). 

b* Rays indistinct under lens; 1-25, mostly 10-15, 
cells high. Pores variable; in short radial 
groups. Vessels without spirals. Grain usually 
straight. 

a^ Rays heterogeneous. Pores minute, invis- 
ible to unaided eye. Color pale reddish 
brown. Lustre dull. Black Willow. Salix 
nigra Marsh. (N, S, C, Rs, Ps)." 

b^ Rays homogeneous. 

a* Pores minute, invisible without lens. 
Texture very fine. Lustre silky. Color 
light brown to silvery white. Aspen. 
Poyulus tremuloides Michx. (N, C, R, P).^* 
Large Tooth Aspen, grandidentata Michx. 
(N, C). 

b* Pores small to minute, those in early wood 
usually visible to unaided eye. Texture 
coarse. Lustre dull. Color pale, dull 
brown, or grayish brown. Cottonwood. 
P. heterophylla L. (S, C), trichocarpa 
T. & G. (P), deUaides Maxsh. (N, C, S, R). 
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DESCRIPTION OF PLATES 

All photomicrographs (except frontispiece) show magnification of 50 diameters. 



Digitized by VjOOQ IC 



Digitized by VjOOQ IC 



PLATE I. 
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DESCRIPTION OF PLATE I. 

Map of the United States showing Natural Forest Regions. 
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DESCRIPTION OF PLATE II. 

Fig. 1. — Taxodium distichutn (bald cypress) : cross section through portions 
of two growth rings. Several resin cells are visible near the lower edge. 

Fig. 2. — Tauga canadensis (eastern hemlock): cross section. Note decided 
contrast between early and late wood. 

Fig. 3. — Juniperus virginiana (red cedar): cross section through median 
portion of growth ring showing zonate arrangement of resin cells. 

Fig. 4. — The same: cross section showing very thin late wood ; also doubling 
of the late wood, producing "false ring." Note small size of tracheids. 

Fig. 5. — Quercus aXba (white oak): cross section showing small pores with 
thin walls and angular outlines and in broad band ; large pores with tyloses. 

I'iG. 6. — Quercus rubra (red oak) : cross section showing small pores with thick 
walls and circular outlines, and in narrow band ; large pores without tyloses. 
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Fig. 1 Fig. 2 



Fig. 3 Fig. 4 



Fig. 5 Fig. 6 
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PLATE III. 
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DESCRIPTION OF PLATE III. 

Fig. 1.—Quercu8 alba (white oak) : tangential section showing end of large ray 
and numerous small uniseriate rays, separated by M^ood fibres, and occasional 
wood-parenchyma fibres. 

Fig. 2. — JJlmus americana (American elm): cross section showing the largest 
pores in a single row, the small pores in wavy tangential bands. 

Fig. 3. — Robinia pseudacacia (black locust) : cross section showing arrange- 
ment of pores and parenchyma, and very dense wood fibres in late wood; pores in 
early plugged with tyloses and separated by abundant wood parenchyma and 
tracheids. 

Fig. 4. — Toxylon pomiferum (Osage orange) : radial section showing tyloses 
in vessels; wood-parenchyma fibres, tracheids and dense wood fibres; and hetero- 
geneous ray. 

Fig. 5. — Gymnocladus dioicus (Kentucky coffee tree): cross section showing 
comparatively large, thin-walled pores in late wood. 

Fig. 6. — Gleditsia tridcanthos (honey locust): cross section showing minute, 
thick-walled pores in late wood. Growth ring limited by rather wide zone of wood 
parenchyma. 
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Fig. 1 Fig. 2 
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Pig. 5 Fig. 6 
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PLATE IV. 
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DESCRIPTION OF PLATE IV. 

Fig. 1. — Hicoria ovata (shagbark hickory): cross section showing very thick- 
walled wood fibres and distinct tangential lines of wood parenchyma; large pores 
with tyloses. 

Fig. 2. — Diospyros virginiana (persimmon) : cross section showing rather in- 
distinct tangential lines of wood parenchyma; pores without tyloses. 

Fig. 3. — Hicoria pecan (pecan hickory): tangential section showing very 
irregular rays, three large calcium-oxalate crystals, and numerous wood-paren- 
chyma fibres. 

Fig. 4. — Diospyros virginiana: tangential section showing fairly uniform 
rays in storied arrangement. Crystals visible, but very small. 

Fig. 5. — The same: radial section showing vessel segments, heterogeneous 
rays, wood-parenchyma fibres, and wood fibres in tier-like arrangement. 

Fig. 6. — Juglans nigra (black walnut): radial section showing rays, large 
vessel with tyloses, wood-parenchyma fibres, chambered-parenchyma fibres with 
crystals, and wood fibres. 
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Fig. 5 Fig. 6 
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DESCRIPTION OF PLATE V. 

Fig. 1. — Marus rubra (red mulberry): cross section showing arrangement of 
pores in late wood, width of rays, and presence of tyloses in large pores. 

Fig. 2. — Fraxinus nigra (black ash) : cross section showing isolated pores in 
late wood not joined tangentially by wood parenchyma. Outer margin of growth 
ring composed of thin layer of wood parenchyma. 

Fig. 3. — Alnua oregona (red alder) : cross section showing aggregate ray and 
distribution of pores. 

Fig. 4. — The same: tangential section showing aggregate ray, intermediate 
uniseriate rays, vessels, wood fibres, and wood-parenchyma fibres. 

FiQ. 5. — Betula lenta (sweet or black birch): cross section showing size and 
distribution of pores and width of rays. Note wood-parenchyma fibres, isolated 
or in short tangential lines. 

Fig. 6. — Ostrya virginiana (hornbeam): cross section showing size and 
arrangement of pores and distribution of wood-parenchyma fibres in inconspicuous 
tangential lines. 
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Fig. 5 Fig. 6 
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DESCRIPTION OF PLATE VI. 

Fig. 1. — Liquidamhar styrddflua (red or sweet gum): cross section showing 
size and distribution of pores, width of rays, and arrangement of wood fibres in 
radial rows. 

Fig. 2. — Liriodendron tulipifera (yellow poplar or tulip-tree): cross section 
showing size and distribution of pores, and thin layer of wood-parenchyma fibres 
marking outer limit of growth ring. 

Fig. 3. — Magnilia acuminata (cucumber tree): tangential section showing 
vessels with scalariform bordered pits, and the small biseriate rays. 

Fig. 4. — Liriodendron tulipifera: tangential section showing vessels with 
ordinary bordered pits, and the comparatively large 3-5-seriate rays. 

Fig. 5. — jEscuIus glabra (Ohio buckeye) : cross section showing uniform dis- 
tribution of pores and rays. 

Fig. 6. — The same: tangential section showing very fine uniseriate rays, 
irregularly disposed. 
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Fig. 6 
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